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The duesl^ioti of nein rotor/fueela^e interference has been inves- 
maS ti«5a . It ii eftparent now th^ 

defined main rotor/tail roto^nterference is e^ally 
in addition, unlike the main rotor/fuselage 

••new’* interference is not amenable*’ to semi*empirical or analytical 
mSSluSj! *o^.Ut in iSStifying and goantiryiM the relevant 
paraatetera aaaociated with naln rotor/£u#elafle/t^l wtor inter* 
ference# the model scale hover test reported in this document was 
conducted in the Sikorslqr Aircraft Model Rotor Mover Facility 
under NASA Contract HAS2-10770. 

The test was conducted using 

fuselage skins representing a 1/5.727 scale UH-60A black hawk 
helicopter, four sets of rotor blades of varying geomet^ (i.e., 
twist airfoils, and solidity) and a model tail rotor ttat could 
be relocated to give changes in rotor clear yce 

coifi^atiSS. vara teStad 

effect. Flow visualization experiments covering the major geom- 
etry changes were also conducted. 

out of ground effect the combined influences of the 
tail rotor were found to degrade the hovering performance of an 
isiia^^Hain rotS:^^^ from 2.2% to 6 . 7% depending on rotor blade 
twist when including ^e download on the fuselage. 


in ground effect, at a 2/R of 0.78, the influences of the f^iselage 
and tail rotor decrease with losses of hover j^rfomance for an 
isolated rotor now ranging from 2.2% to 4.4% depending on ro or 
blade twist. 

The test showed that out of ground effect, ^e ^otal interference 

experienced by any component is ^hat^is^ 

the individual interferences felt by that coa«>onent. That is, 

little change in on# type of 

other interferences are introduced. In ground effect, the inter 
ferences become inter-related and more complex. 

TO minimize tail rotor interference, ^e only 
positive benefit are to move the tail rotor 

main rotor/tail rotor clearance) and/or to cant the tail rotor. 


Low twist* low solidity main rotots wars found to ireducs roLoi;/ 
fuselage/giround interference effects. However* tbe reduction in 
these interference effects were not sufficient to overcome the 
inherent performance disadvantages of this rotor configuration 
compared to more advanced technology high twist rotors. 

Mo noticeable difference in the interference experienced by the 
main rotor due to the tail rotor* could be detected when operating 
the tail rotor in either pusher or tractor mode. However* the 
tail rotor Itself* when operating in the presence of the fuselage 
tail pylon assembly* generally exhibited superior performance when 
operating as a pusher compared to a tractor* when located in its 
standard location without cant. 

From the total system Figure of Merit standpoint* moving the tail 
rotor aft or increasing its cant angle is very beneficial. This 
is because of the reduced main rotor interference and the reduced 
power or increased system thrust available from the tail rotor due 
to its re-orientation. The best OGE and IGE system hover/perform- 
ance configuration was found to be with an uncanted aft pusher 
tail rotor. The worst OGE system hover performance configuration 
had a low tractor tail rotor without cant. 

Lowering the main rotor to position it closer to the cuselage did 
not change the download experienced by the fuselage* but did 
reduce the main rotor performance slightly at the lower thrust 
levels . 


a 


IHTnODUCl'IOW 


Altho^ the existence of neln rotor/fueelaoe interference has 
for e nutaber of years (Refetencee 1-6 preaent the work 
^ inwstigationa), it was not until nore recently 
ttat the question of main rotor/tail rotor interference prompted 

initial investigations were directed 
main rotor on the tail rotor characteristics 
.'^^2 ?J? p*^««onted in Reference 7. This investigation and other 
f?^****®** ^ 1 . ** 4 ^ 9 ) concentrated primarily on investigating 

certain helicopters, and resulted in a 

i” 5*^*5 tail rotors now rotate the lower blade 

forward, towards the main rotor. 

The most recently documented test (Reference 10) does cover the 
mutual main rotor/tall rotor interference, but concentrates more 

iSvaiS® (perfo^SaSSe) 

levels. In addition, because the test was conducted in a wind 

constraints, testing was limited to 

Because of the geometric relationship and the flow field mecha- 

likely that the interference effect of the 

r2iiui?d ® maximum during hover or 

rearward flight, whereas the interference effect of the main 

wi^^^forwa^* speed although high during hover may increase 

fio«e of the critical parameters and 
magnitudes of the interferences involved in the hover mode, the 
test reported herein was conducted on the Sikorsky Aircraft Basic 

a UH-60A BLACK HAWK 
^lade configurations, 
l*' ,*^®^or height above the ground and above the fuse- 
lage, rotor tip Mach nunber, tail rotor location and operating 

'^«re also investigated to determine their 
impact on the main rotor/tail rotor/fuselage interference pheno- 
menon . 

At the present time, no analysis is available which can predict 
the main rotor/tail r«>tor aerodynamic interference. The experi- 
mental data described herein identify the magnitude of the 
ference effects between the main rotor, tail rotor, and fuselage, 
the important geometric parameters and operating conditions and 
provide ^e necessary data base to guide the development of 
analytical methods. 
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The flignif leant iB^rovei»ents realized in recent years in 
rotor Figure of Merit now give perfomartce levels approaching the 
theoretical ideal. Further increases in rotor hover 
will probably only be made following considerable expenditure of 
time and money. However, slgnificMt sve^ hover wrformance 
lmt)troveA<M)itB may be possible with less time and effort if the 
interference effects of the tail rotor and fuselage are minimized. 
To this end the results presented herein together with o^er model 
tests as deemed necessary can be used to select airframe con- 
figurations that result in an optimized helicopter hover con- 
figuration. 
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D-9 Tail Rotor and Fuselage, Pusher and Tractor, o® cant, stand- 
ard Location, Increased separation 

D-lO Tail Rotor and Fuselage, Pusher, a® cant. Low Position, 
Increased separation 

D-ll Tail Rotor and Fuselage, Pusher and Tractor, 0® cant. Low 
Position, Increased Separation 


I 


1 


LI AT OP PIQORBS (COnt'd) 


APPENDIX g 


B-1 


E-2 


E-3 


E-4 


BLACK HANK Waia Rotor and Tractor Tail Rotor, M ® 

Standard Tail Rotor Location and Separation. Main Rotor 

c^/sl9iia - c^aigiaa 

BLACK HAWK Main Rotor and Tractor Tail 

standard Tail Rotor Location and Separation. Main Rotor 

Expanded Scale Figure of Merit - C^/slgma 

BL\CK HAWK Main Rotor and Tractor Tail Rotor, OOB, M « 0.60, 
Standard Tail Rotor Location and separation. Tail Rotor 

C^/aigma - c^eigma 

BLACK HAWK Main Rotor and Tractor Tail Rotor, 2A * 

M * 0.60, Standard Tail Rotor Location and Separation, Main 
Rotor C^/signa - c^sigaa 


E-5 


E-6 


E-7 


E-6 


E-9 


0.78, 

Main 


BLACK HAWK Main Rotor and Tractor Tail Rotor, 2/^ = 

N = 0.60, Standard Tail Rotor Location and separation. 

Rotor Expanded Scale Figure of Merit C^/sig»a 

BLACK HAV« Main Rotor and Tractor Tail Rotor, 2A * 

M « 0*60, Standard Tall Rotor Location and Separation* Tail 
Rotor C^/8igma - c^aigma 

BLACK HAWK Main Rotor and Tractor Tail Rotor, OCffi, M * 
Standard Tail Rotor Location, Increased Separation. Main 
Rotor C^/sigma - C^eigma 

BLACK HAWK Main Rotor and Tractor Tail Rotor, OGE, M = ® ® 
Standard Tail Rotor Location. Increased Separation. Main 
Rotor Expanded scale Figure of Merit - C^/aig»a 

BLACK HAWK Main Rotor Tractor Tail Rotor, OGE, M = 
standard Tail Rotor Location, increased separation. Tail 
Rotor C^/sig«a - c^sigma 

E-10 BLACK HAWK Main Rotor and Tractor Tail Rotor, 2/R * 

M = 0.60, Standard Tail Rotor Location, increased separa- 
tion. Main Rotor C^/sigma - C^sigma 

E-ll BLACK HAWK Main Rotor and Tractor Tail Rotor, 2^ * 

M s 0.60, Standard Tail Rotor Location, 

tlon. Main Rotor Expanded Scale Figure of Merit - c^/si^iia 


16 


LIST PIQURBS (cont'd) 


e-12 BLACK HAWK Main Rotor and Tractor Tail Rotor, Z/R « 0.78, 

H B 0.60, Standard Tail Rotor Location, increased separa- 
tion. Tail Rotor C^/sigua - c^sigma 

fi-13 BLACK HAWK Main Rotor and Tractor Tail Rotor, OGB, N « 0.60, 
A£t Tail Rotor Location, Standard separation. Main Rotor 
c^/eigma - .^sigma 

E-14 BLACK HAWK Main Rotor and Tractor Tail Rotor, OOE, M = 0.60, 
Aft Tail Rotor Location, Standard separation. Main Rotor 
Expanded Scale Eigure of Merit - c^/sigma. 

E-15 BLACK HAWK Main Rotor and Tractor Tail Rotor, OOE, M = 0.60, 
Aft Tail Rotor Location, Standard Separation. Tail Rotor 
c^/slgaa - c^sigua 

E-16 BLACK HAWK Main Rotor and Tractor Tail Rotor, Z/R * 0.78, 

M B 0.60, Aft Tall Rotor Location, standard Separation. 

Main Rotor c^/sigma - c^sigma 

E-17 BLACK HAWK Main Rotor and Tractor Tail Rotor, Z/R * 0.78, 

H « 0.60, Aft Tail Rotor Location, standard separation. 

Main Rotor Expanded Scale Figure of Merit - C^/sigma. 

E-18 BLACK HAWK Main Rotor and Tractor Tail Rotor, Z/R * 0.78, 
H B 0.60, Aft Tail Rotor Location, Standard Separation. 

Tail Rotor C^/sigtta - c^signa 

B-19 BLACK HAWK Main Rotor and Tractor Tail Rotor, OGE, M * 0.60, 
Low Tail Rotor Location, increased separation. Main Rotor 
c^/signia - c^sigma 

E-20 BLACK HAWK Main Rotor and Tractor Tail Rotor, OOE, M = 0.60, 
Low Tail Rotor Location, Increased Separation. Main Rotor 
Expanded Scale Figure of Merit - c^/aigma. 

E-21 BLACK HAWK Main Rotor and Tractor Tail Rotor, OGE, M « 0.60, 
Low Tall Rotor Location, Increased Separation. Tail Rotor 
c^/signa - c^signa. 

E-22 BLACK HAWK Main Rotor and Tractor Tail Rotor, Z/R * 0.78, 
M B 0.60, Low Tail Rotor Location, increased Separation. 
Main Rotor c^/signa - c^signa 

E-23 BLACK HAWK Main Rotor and Tractor Tail Rotor, Z/R b o. 78, M 
B 0.60, Low Tall Rotor Location, increased separation. Main 
Rotor Expanded Scale Figure of Merit - C^/sigiAS. 
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List Of yiQUR&s (cont'd) 

E-24 BLACK HKWR Main Rotor and Tractor Tall Rotor > Z/R « 0.78« 

M 8 0.60, Lov Tall Rotor Location, Inereaatfd separation. 
Tall Rotor C^/slgna - c^slguia 

E-25 BLACK BAWK Main Rotor and Tractor Tall Rotor, OOE, M « 0.60. 
% Loss of Main Rotor Thrust - C^ 

E-26 BLACK HAWK Main Rotor and Tractor Tall Rotor, Z/R » 0.78, 
M 8 0.60. % Less of Main Rotor Thrust - c^ 

E-27 BLACK HAWK Main Rotor and Tractor Tall Rotor, OGE, M » 0.60. 
% Loss of Main Rotor Thrust - Distance Aft 

APREMDIX P 

F>1 BLACK HAWK Main Rotor and Fuselage with Tractor Tall Rotor, 
ocas, M 8 0.60. Standard Tall Rotor Location and Separation, 
0* cant. Main Rotor c^/slgma - c^slgma. 

F-2 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor, 
0GB, M 8 0.60. Standard Tall Rotor Location and Separation, 
0* cant. C^slgma - c^sigma. 

F-3 BLACK HAWK Main Rotor and Fuselage with Tractor Tall Rotor, 
OQB, M 8 0.60. Standard Tail Rotor Location and Separation, 
0* cant. Tail Rotor c^/signa • C^slgsa. 

F-4 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor, 
OCHS, all Main Rotor M*s. standard Tall Rotor Location and 
separation, o* cant. Main Rotor C^/slgma - c^slgma. 

F-5 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor, 
OOB, all Main Rotor M's. Standard Tail Rotor Location and 
separation, 0^ cant. C^sigma - c^signa. 

F-6 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor, 
0C£, all Main Rotor M's. Standard Tail Rotor Location and 
separation, 0* cant. Tail Rotor c^/signa - c^sigma. 

F-7 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor, 
OGE, M 8 0.6, all Tail Rotor M's. Standard Tail Rotor Loca- 
tion and separation, 0^ cant. Main Rotor Cf/signa - cy 
sl0fta. ^ 

F-8 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor, 
OC^, M 8 0.6, all Tail Rotor M's. standard Tail Rotor 
Location and separation, 0* cant. Tall Rotor Cx/sigaia - 
ensigns. 
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LIST OF FlQUttBS (cont'd) 

F-9 BLACK HAWK Main Rotor and Fuaalage with Tractor Tail Rotor « 
Z/R B 0.78« M B 0.8* Standard Tail Rotor Location and- 

Separation^ 0* cant. Main Rotor C^/sigma - c^aigma* 

F-10 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor « 
2/R B 0*76, M B 0.6* Standard Tall Rotor Location and 

Separation, 0* cant. C^algma - c^sigma. 

F-ll BLACK HAWK Main Rotor and Fuselage with Tractor Tall Rotor, 
2/R B 0*78,. M B 0.6. Standard Tail Rotor Location and 

Separation, 0* cant. Tail Rotor C^/sigma - C^si^a. 

F-12 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor, 
OOB, M B 0.6. Standard Tall Rotor Location and Increased 
Separation, 0” cant. Main Rotor C^/sigma - c^sigua. 

F-13 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor, 
OGSB, M = 0.6. Standard Tail Rotor Location and Increased 
separation. O'* cant. Tall Rotor c^/sigma - C^slgMa. 

F-14 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor, 
Z/R B 0.78, M B 0.6. Standard Tall Rotor Location and 
Increased Separation, O'* cant. Main Rotor C^/sigma - 
C^sigma. ^ 

F-IS BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor, 
2/R B 0.78, M B 0.6. Standard Tail Rotor Location and 
Increased Separation, O'* cant. Tail Rotor C^/sigma - 
c^signa. ^ 

F-16 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor, 
OOE, M B 0.6. Standard Tail Rotor Location and Separation, 
20** cant. Main Rotor C^/sigsa - C^sigua. 

F-17 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor, 
ocffi, M a 0.6. Standard Tall Rotor Location and separation, 
20* cant. C^sigma - C^sigma. 

F»ie BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor, 
OGB, Mb 0.6 Standard Tail Rotor Location and separation, 
20* cant. Tall Rotor c^/signa - c^sigaa. 

F»19 BLACK HAWK Main Rotor and Fuselage with Tractor Tall Rotor, 
Z/R B 0.78, M B 0.6. Standard Tail Rotor Location and 
separation, 20* cant. Main Rotor c^/elgna - ensigns. 
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U8T OF PIQURIS (cont'd) 

P 20 BLACK BAV0< Main Ratos and Fuaalafa with Tractor Tall Rotor, 

2/R ■ 0.7B, H ■ 0.6. Standarc Tail Rotor Location and 

Separation, 20* cant, c^sigma - '•j/aigaa. 

F-21 BLACK. HAWK Main Rotor and Fuselage with Tractor Tall Rotor, 

z/R B 0.78, H « 0.6. Standard Tail Rotor Location and 

Separation, 20* cant. Tail Rotor C^/sigaa - C^eigma. 

F-22 BLACK HAWK Main Rotor and Fuselage with Tractor Tall Rotor, 
OGB, N B 0.6. Aft Tail Rotor Location and Standard Separa- 
tion, 0* cant. Main Rotor c^/sigma - c^sigma. 

F-23 BLACK HAVOC Main Rotor and Fuselage with Tractor Tall Rotor, 
OGB, M a 0.6. Aft Tail Rotor Location and Standard separa- 
tion, 0* cant. C^eigma - c^sigma. 

F-24 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor, 
OCKB, M a 0.6. Aft Tail Rotor Location and Standard Separa- 
tion, 0* cant. Tail Rotor C^/signa - C^signa. 

F-25 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor, 

Z/R a q.7S, M a 0.6. Aft Tall Rotor Location and Standard 

Separation, 0" cant. Main Rotor C^/signa - c^elgna. 

F-26 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor, 

Z/R a 0.78, M a 0.6. Aft Tail Rotor Location and Standard 

Separation, 0* cant, c^sigma - C^sigma. 

F-27 BLACK HAWK Main Rotor and Fuselage with Tractor Tall Rotor, 

Z/R a 0.78, H a 0.6. Aft Tail Rotor Location and Standard 

separation, 0* cant. Tail Rotor C^/eig»a - C^slgma. 

F-28 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor, 

OGS, N a 0.6. Aft Tail Rotor Location with Increased 

separation, 0® cant. Main Rotor C^/signa - C^sigma. 

F-29 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor, 

OCS, H a 0.6. Aft Tall Rotor Location with increased 

separation, o® cant, c^eigma - C^sigma. 

F-30 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor, 

OQS, M a 0.6. Aft Tail Rotor Location with Increased 

separation, 0® cant. Tail Rotor c^/sig»a - c^eigma. 

F-31 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor, 
Z/R a 0.78, M B 0.6. Aft Tail Rotor Location with increased 
separation, 0« cant. Main Rotor c^/iigma - c^slgAs. 
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LIST OF PlQPRgg (eont’d) 

F«32 BLACK BAWR Main Rotor and Fuselage with Tractor Tail Rotor, 
Z/R ■ 0.78, H ■ 0.6. Aft Tall Rotor Locatloft-fiith increased 
separation, 0* cant, c^sigma - C^sigma. 

r-33 BLACK BAWK Main Rotor and Fuselage with Tractor Tail Rotor, 
Z/R ■ 0.76, M ■ 0.6. Aft Tall Rotor Location with Increased 
Separation, 0* cant. Tail Rotor C^/signa - C^sigma. 

F-34 BLACK HAWK Main Rotor and Fuselage with Tractor Tall Rotor, 
OOB, H <8 0.6. Aft Tail Rotor Location with standard separa- 
tion, 20* cant. Main Rotor c^/sigaa - c^sigma. 

F-35 BLACK BAWK Main Rotor and Fuselage with Tractor Tail Rotor, 
0GB, M B 0.6. Aft Tail Rotor Location with Standard separa- 
tion, 20* cant. C^signa - c^sigma. 

F-36 BLACK BAWK Main Rotor and Fuselage with Tractor Tail Rotor, 
OCffi, M B 0.6. Aft Tall Rotor Location with Standard Separa- 
tion, 20* cant. Tail Rotor C^/signa - C^sigma. 

F-37 BLACK BAWK Main Rotor and Fuselage with Tractor Tail Rotor, 

Z/R B 0.76, M B 0.6. Aft Tail Rotor Location with Standard 

Separation, 20* cant. Main Rotor C^/slgma - C^slgma. 

F-3S BLACK BAWK Main Rotor and Fuselage with Tractor Tail Rotor, 

Z/R B 0.78, M B 0.6. Aft Tail Rotor Location with Standard 

Separation, 20* cant, c^signa - c^sigma. 

F-39 BLACK BAWK Main Rotor and Fuselage with Tractor Tail Rotor, 

Z/R B 0.78, H B 0.6. Aft Tail Rotor Location with standard 

separation, 20* cant. Tail Rotor c^/sigma - C^sigma. 

F-40 BLACK BAWK Main Rotor and Fuselage with Tractor Tail Rotor, 
OQS, H B 0.6. Low Tail Rotor Location with Increased 

Separation, 0* cant. Main Rotor C^/signa - C^eigma. 

F-41 BLACK BAWK Main Rotor and Fuselage w.ith Tractor Tail Rotor, 

OGB, H B 0.6. Low Tail Rotor Location with Increased 

separation, 0* cant. C^sigma - c^'sigs^a. 

F-42 BLACK HAWK Main Rotor and Fuselage itix Tractor Tail Rotor, 
OCffi, M « 0.6. LOW Tail Rotor Location with Increased 

Separation, 0* cant. Tail Rotor c^/signa - c^signa. 

F-43 BLACK BAWK Main Rotor and Fuselage with Tractor Tail Rotor, 
Z/R B 0.76, M B 0.6. Low Tail Rotor Location with Increased 
Separation, 0* cant. Main Rotor C^/sigma - c^signa. 
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LIST OP PiQtmss («ont»d) 

BLACK HAWK Main Rotor and FuaalaRO with Tractor Tail Rotor » 
Z/R ■ 0.701 M ■ 0.0. Low Tall Rotor Location with Jncreaaad 
8oparatlon> 0* cant^ c^algma - c^aigna. 

RLACR HAWK Main Rotor and Fuaalaga with Traccor Tail Rotor. 
2/R ■ 0.70. M ■ 0.6. Low Tall Rotor Location with Increased 
Separation. 0* cant. Tall Rotor C^/sigma - c^elgma. 

BLACK HAWK Main Rotor and Fuselage with Pusher Tall Rotor. 
006. H B 0.6. Standard Tail Rotor Location and Separation. 
0* cant. Main Rotor C^sigma • C^‘<«igma. 

BLACK HAWK Main Rotor and Fuselage with Pusher Tail Rotor. 
OOS. N B 0.6. Standard Tall Rotor Location and Separation. 
0* cant, c^slgma - c^sigma. 

BLACH HAWK Main Rotor and Fuselage with Pusher Tall Rotor. 
OOE. M B 0.6. standard Tail Rotor Location and separation. 
0* cant. Tail Rotor C^/sigma - C^signa. 

BLACK HAWK Main Rotor and Fuselage with Pusher Tail Rotor. 
Z/R B 0.76. N B 0.6. Standard Tail Rotor Location and 
separation. 0” cant. Main Rotor C^/slgma - C^sigaa. 

BLACK HAWK Main Rotor and Fuselage with Pusher Tall Rotor. 
2/R B 0.76. M B 0.6. Standard Tail Rotor Location and 
Separation, O'* cant, c^sigma - c^slgna. 

BLACK HAWK Main Rotor and Fuselage with Pusher Tail Rotor. 
Z/R B 0.76. N B 0.6. Standard Tail Rotor Location and 
separation. 0* cant. Tail Rotor c^/sigma - C^sigma. 

BLACK HAWK Main Rotor and Fuselage with Pusher Tail Rotor. 
OOK. M B 0.6. Aft Tail Rotor Location and standard Separa- 
tion. 0* cant. Main Rotor c^/aigma - C^slgaia. 

BLACK HAWK Main Rotor and Fuselage with Pusher Tall Rotor. 
OCR. M B 0.6. Aft Tail Rotor Location and Standard separa- 
tion. 0* cant, c^signa - ensigns. 

BLACK HAWK Main Rotot and Fuselage with Pusher Tall Rotor. 
OGK. H B 0.6. Aft Tail Rotor Location and Standard Separa- 
tion. 0^ cant. Tall Rotor c^/slgna - c^signa. 

BLACK HAWK Main Rotor and Fuselage with Pusher Tail Rotor. 
Z/R B 0.76. M B 0.6. Aft Tail Rotor Location and Standard 
Separation. 0* cant. Main Rotor C^/signa - c^sigma. 
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hlBT OF giQimBS (eoAt«d) 

F-S6 BIACK HAWK Main Rotor and Fuaelaga with Puaher Tail Rotor, 

Z/R ■ 0.70, n ■ 0.6. A£t Tall Rotor Location and Standord 

soRaratlon, 0* cant, c^alona • C^algna. 

F-57 BLACK HAVfK Main Rotor and Fuatlage with Fuahor Tall Rotor, 
2/R ■ 0.76, K • 0.6 Aft Tall Rotor Location and standard 
Separation, 0* eant. Tall Rotor C^/signa - c^ei^fta. 

F-S8 BLACK HAWK Main Rotor and Fuselage with Pusher Tall Rotor, 

OOE, M a 0.6. Low Tail Rotor Location and increased separa- 
tion, 0* eant. Main Rotor C^/signia - C^slgna. 

F-59 BLACK HAWK Main Rotor and Fuselage with Pusher Tall Rotor, 
OQB, M a 0.6. Low Tail Rotor Location and Increased separa- 
tion, 0” cant. C^slgina - C^slgna. 

F-60 BLACK HAWK Main Rotor and Fuselage wlui Pusher Tall Rotor, 
(K3E, M a 0.6. Low Tail Rotor Location and Increased separa- 
tion, 0* cant. Tail Rotor C^/slgma - C^sigma. 

F-61 BLACK HAWK Main Rotor and Fuselage with Pusher Tail Rotor, 

Z/R a 0.78, M a 0.6. Low Tail Rotor Location and Increased 

Separation, 0” cant. Main Rotor C^/slgna - c^sigma. 

F-62 BLACK HAWK Main Rotor and Fuselage with Pusher Tail Rotor, 

2/R a 0.78, N a 0.6. LOW Tail Rotor Location and Increased 

Separation, 0** cant, c^sigma - C^sigsa. 

F-63 BLACK HAWK Main Rotor and Fuselage with Pusher Tall Rotor, 

2/R a 0.78, M a 0.6. Low Tail Rotor Location and increased 

Separation, o* eant. Tail Rotor c^/sigma - c^signa. 

F-64 s-76 Main Rotor with Fuselage and Tractor Tail Rotor, OCE, M 
a 0.6. Std Tall Rotor Location and separation, 0* cant. 

Main Rotor C^/signa - C^slgna. 

F-6S S-76 Main Rotor with Fuselage and Tractor Tail Rotor, oOE, M 
a 0.6. Std Tail Rotor Location and Separation, 0* cant, 

ensigns - ensigns. 

F-66 s-76 Main Rotor with Fuselage and Tractor Tall Rotor, OOE, M 
a 0.6. Std Tail Rotor Location and Separation, 0** cant. 

Tall Rotor c^/slgma - c^sigma. 

F-67 s-76 Main Rotor with Fuselage and Tractor Tall Rotor, z/R a 
0.78, R a 0.6. Std Tail Rotor Location and separation, 0° 
cant. Main Rotor c^/signa - C^slgna. 
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F-66 s«76 Main Rotor with Fuselafo and Tractor Tail Rotor, Z/R ■ 
0.78, M ■ 0.6. std Tall Rotor Location and Saparation, o* 
cant, c^aigna - c^aigma. 

F-69 s-76 Main Rotor with FUaalago and Tractor Tail Rotor, z/R « 
0.76, M ■ 0.6. Std Tail Rotor Location and separation, 0* 
cant. Tail Rotor C^/aigna - C^aigma. 

F-70 S-76 Main Rotor with Fuaelagd and Pusher Tail Rotor, OOE, M 
■ 0.6. Std Tail Rotor Location and separation, 0* cant. 

Main Rotor c^/aigma - C^signa. 

F-71 s-76 Main Rotor with Fuselage and Pusher Tall Rotor, OOE, H 
B 0.6. Std Tail Rotor Location and separation, 0” cant, 

c^/sigma - C^signa. 

F-72 S-76 Main Rotor with Fuselage and Pusher Tail Rotor, oofi, H 
B 0.6. std Tail Rotor Location and separation, 0 * cant. 

Tail Rotor c^/aigna - C^algna. 

F-73 s-76 Main Rotor with Fueelage and Pusher Tail Rotor, Z/R « 
0.76, M B 0.6. std Tail Rotor Location and Separation, 0 ^ 
cant. Main Rotor c^/sigma - C^si^a. 

F-74 s-76 Main Rotor with Fuselage and Pusher Tail Rotor, Z/R » 
0.76, M B 0.6. Std Tail Rotor Location and Separation, 0* 
Cant, c^aigna - c^slgma. 

F-7S s-76 Main Rotor with Fuselage and Pusher Tall Rotor, z/R » 
0.76, M B 0.6. std Tail Rotor Location and Separation, 0** 
cant. Tail Rotor C^/aigua - C^sigma. 

F-76 High Solidity Rotor with Fueelage and Tractor Tail Rotor, 
OOE, H B 0.6. Std Tall Rotor Location and Separation, 0 * 
cant. Main Rotor C^/eigua - c^ai^na. 

F-77 High solidity Rotor with Fueelage and Tractor Tail Rotor. 
OOE, M B 0.6. Std Tail Rotor Location and Separation, o* 
cant. C^eigma - c^eigma,. 

F-76 High Solidity Rotor with Fueelage and Tractor Tail Rotor, 
OOE, N B 0.6. std Tail Rotor Location and Separation, 0<* 
cant. Tail Rotor c^/signa - c^aigua. 

P-79 High Solidity Rotor with Fuselage and Tractor Tail Rotor, 
2/R B 0.76, M B 0.6. Std Tall Rotor Location and Separa- 
tion, 0* cant. Main Rotor c^/eigiaa - c^sigma. 


LISl! OP PIOURES (cont'd) 


F-60 High Solidity Rotor with Fuselage and Tractor Tail Rotor^ 
Z/R ■ 0.78, N n 0.6. Std Tail Rotor Location and separa- 
tion, 0" cant, c^sigma - c^eigma. 

F-61 High solidity Rotor with Fuselage and Tractor Tail Rotor, 
Z/R ■ 0.78, M ■ 0.6. Std Tail Rotor Location and separa- 
tion, 0** cant. Tail Rotor c^/signa - c^sigma. 

P-62 High Solidity Rotor with Fuselage and Pusher Tall Rotor, 
OOfi, M B 0.6. Std Tail Rotor Location and separation, 0** 
cant. Main Rotor C^/sigma - c^sigma. 

F-83 High Solidity Rotor with Fuselage and Pusher Tail Rotor, 
OGE, H B 0.6. Std Tall Rotor Location and separation, o** 
cant, c^slgna - C^elgma. 

F-64 High Solidity Rotor with Fuselage and Pusher Tail Rotor, 
OOE, H B 0.6. Std Tail Rotor Location and separation, o** 
cant. Tall Rotor c^/sigma - C^sigma. 

F-85 High Solidity Rotor with Fuselage and Pusher Tail Rotor, Z/R 
B 0.78, M B 0.6. Std Tail Rotor Location and Separation, 0” 
cant. Main Rotor C^/eigma - C^sigisa. 

F-86 High Solidity Rotor with Fuselage and Pusher Tail Rotor, Z/R 
B 0.76, M B 0.6. Std Tail Rotor Location and Separation, 0** 
cant, c^signa - C^sigma. 

F-87 High Solidity Rotor with Fuselage and Pusher Tail Rotor, Z/R 
B 0.78, M B 0.6. Std Tail Rotor Location and Separation, 0** 
cant. Tail Rotor C^/sigma - c^signa. 

F-88 H-34 Rotor with l*uselage and Tractor Tail Rotor, OGE, N » 

0.6. std Tail Rotor Location and separation, 0* cant. Main 
Rotor C^/sigma - ensigns. 

F-89 H-34 Rotor with Fuselage and Tractor Tail Rotor, OGE, M » 
0.6. Std Tail Rotor Location and separation, o<* cant, 
c^sigma - c^sigma. 

F-90 H-34 Rotor with Fuselage and Tractor Tall Rotor, ooE, M » 
0.6. std Tail Rotor Location and separation, O” cant. Tail 
Rotor c^/sigma - C^sigma. 

F-91 H-34 Rotor With Fuselage and Tractor Tail Rotor, Z/R » o.78, 
N B 0.6. Std Tail Rotor Location and Separation, 0** cant. 
Main Rotor c^/signa - ensigns. 


as 


LI at OP FIQOHES (cont’d) 


F-92 H- 34 ^ Kotor with Fuaelage and Tractor Tail Rotor, 2/R s o.78, 
M » 0.6. Std Tall Rotor Location and Separation, 0 * cant. 
c^Bign^ - c^aigna. 

F-93 H-34 Rotor with Fuselage and Tractor Tail Rotor, Z/R » 0.78, 
M a 0 . 6 . std Tall Rotor Location and separation, 0 * cant. 
Tail Rotor C^/sigma - c^eigma. 

p .94 h- 34 Rotor with Fuselage and Pusher Tail Rotor, OOE, M = 
0.6. Std Tail Rotor Location and Separation, 0 * cant. Main 
Rotor c^/signa - C^sigma. 

F -95 h- 34 Rotor with Fuselage and Pusher Tail Rotor, OGE, M * 
0.6. Std Tail Rotor Location and Separation, 0® cant, 
c^sigma - c^sigma. 

F-96 H-34 Rotor with Fuselage and Pusher Tail Rotor, OOE, M * 
0.6. Std Tail Rotor Location and Separation, 0® cant. Tail 
Rotcr c^/sigma - c^sigma. 

F -97 h- 34 Rotor with Fuselage and Pusher Tail Rotor, Z/R * 0.78, 
N a 0.6. Std Tail Rotor Location and separation, 0 ® cant. 
Main Rotor C^/sigma - c^sigwa. 

F-98 H-34 Rotor with Fuselage and Pusher Tail Rotor, Z/R * o.78, 
M a 0 . 6 . Std Tail Rotor Location and Separation, 0® cant, 
c^sl^a - c^sigma. 

F -99 h- 34 Rotor with Fuselage and Pusher Tail Rotor, Z/R ® o.78, 
H a 0 . 6 . Std Tail Rotor Location and separation, 0® cant. 
Tail Rotor c^/sigma - c^sigma. 

APPENDIX G 


0-1 

G-2 

0-3 

G-4 

G“5 


Low Rotor Head BLACK HAWK Rotor and Fuselage, OGE, M a 0 . 6 O. 
c^/sigma - c^sigma 

Low Rotor Head BLACK HAWK Rotor and Fuselage, OOB, M = 0 . 60 . 
Expanded scale Figure of Merit - c^/slgtta 

Low Rotor Head BLACK HAWK Rotor and Fuselage, ooE, N a o.eo. 
c^sigi&a - c^sigma 

Low Rotor Head BLACK HAWK Rotor and Fuselage, 2/R = 1.2, M = 
0.60. c^/signa - c^slgma 


Low Rotor Head BLACK HAWK Rotor and Fuselage, Z/R » 1.2, Ha 
0.60. Expanded Scale Figure of Merit - C^/sigAa 


LIST OP FIQtmBS (cont'd) 


C-b Low Rotor Head BLACK HAWC Rotor and Fuselage, 2/R » L.2, M ■ 
0.60. c^-^aigma - c^sigiM 

0-7 Low Rotor Read BLACK HAWK Rotor and Fuselage, 2/R « o.7S, 

H » 0.60. C^sigtAa - C^si^a 

0-8 Low Rotor Head BLACK HAWK Rotor and Fuselage, s/R o.7S, 

M ■ 0.60. BXRanded Scale Figure of Merit - C^/sigma 

c-9 Low Rotor Head BLACK hawk Rotor and Fuselage, s/R 0.78, 

M » 0.60. C^sigma - c^sigma 

0-10 Low Rotor Read BLACK HAWK Rotor and Fuselage with Tractor 

Tail Rotor, OOK, N » 0.60. Standard Tail Rotor Location and 
separation, 0® cant. Main Rotor c^/sigma - c^sigma 

G-ll Low Rotor Head BLACK HAWK Rotor and Fuselage with Tractor 
Tail Rotor, OQK, M » 0.60. Standard Tail Rotor Location and 
Separation, 0« cant. Expanded Scale Main Rotor Figure of 
Merit - C^/si 9 &a 

G-12 Low Rotor Head BLACK HAWK Rotor and Fuselage with Tractor 
Tail Rotor, OOB, M * 0.60. Standard Tail Rotor Location and 
Separation, 0® cant. C^sigma - c^/sig»a 

G-13 Low Rotor Head BLACK HAWK Rotor and Fuselage with Tractor 
Tail Rotor, OGB, M « 0.60. Standard Tail Rotor Location and 
Separation, 0®cant. Tail Rotor C^/sig»a - c^^'signia 

0-14 Low Rotor Head BLACK HAWK Rotor and Fuselage with Tiactor 
Tail Rotor, Z/R * 0.78, M ■ 0.60. Standard Tail Rotor 

Location and separation. 0® cant. Main Rotor c*./siitma - 
c^/iigwa ' 

0-16 Low Rotor Head BLACK HAWK Rotor and Fuselage with Tractor 
Tail Rotor, 2/R « 0.78, M ■ 0.60. Standard Tail Rotor 

Location and Separation, 0® cant. Expanded Scale Main Rotor 
Figure of Merit - C|./sigfiia 

G-16 Low Rotor Head BLACK HAWK Rotor and Fuselage witl» Tractor 
Tail Rotor, 2/R • 0.78, H * 0.60. Standard Tail Rotor 

Location and separation, 0®cant. c^^sigaa - c^aigma 

G-17 Low Rotor Head BLACK HAWK Rotor and Fuselage with Tiactoi 
Tail Rotor, Z/Tl ■ 0.78, M ■ 0.60. Standard Tail Rotor 

Location and Separation, 0®cant. Tail Rotor C,. sigma - 

C^sigtti ' 




G-18 


0-19 


0-20 


0-21 


0-22 

0-23 

0-24 

G-2S 

C-26 

0-27 

0-28 

0 - 2 '» 

0-.10 


LIST OF Pioimss (conf d) 


LOV Rotor M«4d RtACK HAWK Rotor 
tail Rotor, S/R ■ 0.78, M ■ 0. 

Loc<iticin <ind sop^cotlon* o^ctnt* 

t,ow Rotor Hoad BLACK HAWK Rotor 
tail Rotor, 2/R ■ 0.78, H • 0. 

Location and saparation, 0®cant. 

Piqpuro of Wterit - c^/ai^na 

Low Rotor Haad BLACK HAWK Rotor and Fuaalago with Pusher 
tail Rotor, S/R ■ 0.78, M - 0.60. Standard Tail Rotor 

Location and Separation, 0® cant. C^sifliw - C^ai^aia 


and ruaelage with Pusher 
60. Standard Tail Rotor 
Main Rotor c^/sigma - 

and ruaelage with Pusher 
60. Standard tail Rotor 
Expanded Scale Main Rotor 


LOW Rotor Head BLACK HAWK Rotor and 

Tail Rotor, S/R ■ 0.78, M • 0.60. Standard Tail Rotor 
Location and separation. 0® cant, tail Rotor c^/srgma = 


c^^aigma 

Low Rotor Head S-76 Rotor with Fuselage, OOE. M « 0.60 
c^/sigwia - c^ aigiaa 


LOW Rotor Head S-76 Rotor with Fuselage, OOE, M * 0.60. 
Expanded Scale Figure of Merit - C^./sig«ia 


Low Rotor Head S-76 Rotor with Fuselage, OOE, M « 0.60. 

C^/aigma - c^^/aigma 

Low Rotor Head S-76 Rotor with Fuselage, a/R » 1.2, M - 

0.60. C^/aig»a - C^sigiaa 

Low Rotor Head s-76 Rotor with Fuselage, S/R » 1.2. M == 

0.60. Expanded Scale Figure of Merit - C^/aigma 


Low Rotor Head S-76 Rotor with Fuselage, 3/R ® 1.2, M - 

0.60. c^/aigroa - c^^/aigma 

Low Rotor Head S-76 Rotor with Fuaelage, Z/R » 0.78, M ~ 

0.60. c^/aigna - C^’aigma 

LOW Rotor Head s-76 Rotor with Fuaelage, pR * 0.78. M ^ 

0.60. Ei^^anded Scale Figure of Merit - c^/eigs»a 


LOW Rotor Head S-76 Rotor with Fuaelage, Z/R * 0.78, M 
0.60. C^/aigwa - aigma 


It 


LIST OF FIGURES (cont'd) 


0-31 Low Hotor Read S-76 Rotor with fuselage and tractor Tail 
Rotor* OOB* M = 0.60* Standard tail Rotor Location and 

separation, 0® cant. Main Rotor C^/sigma - C^sigma 

0-32 Low Rotor Bead S-76 Rotor with fuselage and Tractor Tail 
Rotor, OOE, N = 0.60. St«tndard Tail Rotor Location and 

Separation, 0® cant. Expanded Scale Main.~Rotor Figure of 
Merit - C^/sigisa 

0-33 Low Rotor Bead S-76 Rotor with Fuselage and Tractor Tail 
Rotor, OCRS, M s 0.60. Standard Tail Rotor Location and 

Separation, 0® cant, c^signa - C^si^na 

0-34 Low Rotor Bead S-76 Rotor with Fuselage and Tractor Tail 
Rotor, 00&, M e 0.60. Standard Tail Rotor Location and 

Separation, 0® cant. Tail Rotor C^/sigma - c^sigma 

G-35 Low Rotor Bead S-76 Rotor with Fuselage and Tractor Tail 
Rotor Location and Separation, 0® cant. Main Rotor c^^/sigma 
- c^sigma ^ 

(5-36 Low Rotor Bead S-76 Rotor with Fuselage and Tractor Tail 
Rotor, 2/R « 0.78, M = 0.60. Standard Tail Rotor Location 
and Separation, 0® cant. Expanded scale Main Rotor Figure 
of Merit - C^oigna 


G-37 

0-38 

0-38 

0-40 

0-41 

0-42 

0-43 


Low Rotor Bead S-76 Rotor with Fuselage and Tractor Tail 
Rotor, Z/R ® 0.78, M ® 0.60. Standard Tail Rotor Location 
and Separation, 0® cant, c^signa - c^signa 


Low Rotor Bead S-76 Rotor with Fuselage and Tractor Tail 
Rotor, 2/R « 0.78, M ® 0.60. Standard Tail Rotor Location 
and separation, 0® cant. Tail Rotor c^/sigma - c^sigma 


Low Rotor Bead Bigh Solidity Rotor with Fuselage, OG&, M = 

0.6. c^/si^a - c^sigma 


Low Rotor Bead Bigh Solidity Rotor with Fuselage, ooE, M - 
0.6. Expanded Scale Figure of Merit - c^/signa 


Low Rotor Bead Bi0i Solidity Rotor with Fuselage, (X5E, H = 
0.6. c^sigma - C^signa 

Low Rotor Head Bigh Solidity Rotor with Fuselage, Z/R - 1.2. 
M s 0.6. C^/sigtta - C^sigtta 

Low Rotor Head High solidity Rotor with Fuselage, Z/R - 1.2, 
M s 0.6. Expanded Scale Figure of Merit - c^/eigna 
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LIST OF FlQOafig (eont'd) 


0-44 Low Rotor Read nigh Solidity Rotor with Fuselage, 2/R « 1.2, 

M = 0.6. C^signa - C^sigaa 

G-45 Low Rotor Bead High Solidity Rotor with Fuselage, 2/R * 
0.78, M « 0.6. C^/sigma - c^slgaa 

G-46 LOW Rotor Read Bigh Solidity Rotor with Fuselage, 2/R = 
0.78, N » 0.6. Bjqpanded Scale Figure of Merit - c^/sigma 

G-47. Low Rotor Head High Solidity Rotor with Fuselage, 2/R * 
0.78, M a 0.6. C^sigma - C^sigma 

G-48 tow Rotor Head High Solidity Rotor with Fuselage and Tractor 
Tail Rotor, OOE, N « 0.6. Standard Tail Rotor Location and 
Separation, 0« cant. Main Rotor C^/sigma - c^sigsa 

G-49 tow Rotor Head Hi^ Solidity Rotor with Fuselage and Tractor 
Tail Rotor, CX^, M a 0.6. standard Tail Rotor Location and 
separation, O* cant. Expanded Scale Main Rotor Figure of 
Merit - c^/sigma 

G-50 Low Rotor Head Hi^ Solidity Rotor with Fusela^ and Tractor 
Tail Rotor, OOS, M * o.6. standard Tail Rotor Location and 
Separation, 0® cant. C^sigma - Cg/sigma 

G-Sl Low Rotor Head High Solidity Rotor with Fuselage and Tractor 
Tail Rotor, GOES, N * 0.6. standard Tail Rotor Location and 
separation, 0® cant. Tail Rotor C^/sigma - C^sigma 

G-52 tow Rotor Head High Solidity Rotor with Fuselage and Tractor 
Tail Rotor, 2/R * 0.78, M « 0.6. Standard Tail Rotor 

Location and Separation, 0® cant. Main Rotor C 4 ./sigma - 
c^sigma 

G-S3 Low Rotor Head High Solidity Rotor with Fuselage and Tractor 
Tail Rotor, 2/R « 0.78, M « 0.6. Standard Tail Rotor 

Location and Separation, 0® cant. Expanded Seale Main Rotor 
Figure of Merit - c^/sigma 

G-54 Low Rotor Bead High Solidity Rotor with Fuselage and Tractor 
Tail Rotor, 2/R « 0.78, M ■ 0.6. Standard Tail Rotor 

Location and SeparaUon, 0® cant, c^sigaa - C^oigm* 

G-55 Low Rotor Head High solidity Rotor with Fuselage and Tractor 
Tail Rotor, 2/R « 0.78, N * 0.6. Standard Tail Rotor 

Location and separation, o® cant. Tail Rotor c*/sigma - 
c^sigma ^ 


L1S!T OF PICURBS (cont’d) 


6-56 Low Rotor Head H-34 Rotor with Fuselage, 0GB, K = 0.6. 
c^/slgma - c^sigtta 

G-57 LOW Rotor Head R-34 Rotor With Fuselage, 06E, N « o.6. 
Expanded Scale Figure of Merit - C^/sigma 

0-58 Low Rotor Head H-34 Rotor with Fuselage, OOE, M = 0.6. 
C^sigma - C^sigua 

0-59 Low Rotor Head H-34 Rotor with Fuselage, Z/R = 0.78, M = 
0.6. C^/sigma - c^sigma 

0-60 Low Rotor Head H-34 Rotor with Fuselage, 2/R * 0.78, M * 
0.6. Expanded Scale Figure of Merit - C^/sigma 

0-61 Low Rotor Head H-34 Rotor with Fuselage, 2/R = 0.78, M = 
0.6. C^sigma - c^sigma 

G-62 Low Rotor Head H-34 Rotor with Fuselage and Tractor Tail 
Rotor, OOE, M « 0.6. Standard Tail Rotor Location and 

Separation, 0* cant. Main Rotor C^/sigma - C^sigma 

0-63 Low Rotor Head H-34 Rotor with Fuselage and Tractor Tail 
Rotor, 0G£, M = 0.6. Standard Tail Rotor Location and 

Separation, 0® cant. Expanded Scale Main Rotor Figure of 
Merit - C^/sigma 

G-64 Low Rotor Head H-34 Rotor with Fuselage and Tractor Tail 
Rotor, OOE, M = 0.6. Standard Tail Rotor Location and 

Separation, 0* cant, c^sigma - c^/sigma 

G-65 Low Rotor Hoad H-34 Rotor with Fuselage and Tractor Tail 
Rotor, OOE, M = 0.6. Standard Tail Rotor Location and 

Separation, 0® cant. Tail Rotor c^/sigma - c^sigma 

0-66 Low Rotor Head H-34 Rotor with Fuselage and Tractor Tail 
Rotor 2/R * 0.78, M « 0.6. Standard Tail Rotor Location and 
separation, 0® cant. Main Rotor C^/signa - c^sigma 

6-67 Low Rotor Read H-34 Rotor with Fuselage and Tractor 'Tail 
Rotor, 2/R * 0.78, M « 0.6. Standard Tail Rotor Location 
and Separation, 0® cant. Expanded Scale Main Rotor Figure 
of Merit - c^/sigma 

6-68 Low Rotor Bead H-34 Rotor with Fuselage and Tractor Tail 
Rotor, 2/R * 0.78, H * 0.6. Standard Tail Rotor Location 
and separation, 0® cant, c^signa - c^sigma 
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LIST OP FI6URBS (cont’d) 


0-69 


Lo^ Rotor Head B-34 Rotor with Fueelage and Tractor Tail 
Rotor, Z/R « 0.78, M « 0.6. Standard Tail Rotor Location 
and Separation, 0® cant. Tail Rotor C^/eiona - C^sigwa 


APPENDIX H 

H-1 Out of Ground Effect, Main Rotor only, Forward Segment of 
Disc 

H-2 out of Ground Effect, Main Rotor only. Aft segment of 
Disc 

H-3 Out of Ground Effect, Main Rotor Only, Aft Segment of Disc, 
Rotor Blade Advanced 30® Around Azimuth 

H-4 Out of Ground Effect, Main and Tail Rotor, Aft Segment of 
Disc 

H-5 out of Ground Effect, Main Rotor Only, View from Rear 

H-6 out of Ground Effect, Blaia and Tail Rotor Only, View from 
Rear 

H-7 in Ground Effect, Main Rotor only. Aft segment of Disc 
H-8 In Ground Effect, Main and Tail Rotor, Aft Segment of Disc 
H-9 Tail Rotor Only, View from Rear 


H-IO Tail and Main Rotor, View from Rear 


9i 
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List Qg aVMBQLS 


Sp66d of Sound 


MUnd>er -Of blades « 4 


Blade chord 


C., 


'8 


DL 


FMR 


Rotor 


rq^e coefficient « 


System torque coefficient « 

rtpQ Bjjp 

\ Rotor thrust coefficient * 


GW 


Rotor weight coefficient = 

System weight coefficient * J^^^-^RnsiN r>~DL 

«P«*% 

Fuselage vertical download, positive down 
Figure of Merit a v*c^j for aeiu rotori 

® V 2"Cp for the lyeteffl 


HRt-bt 


ICE 


In Ground Effect 


list OF SYMftQLB - (cont'd) 


MRBP Main Rotor Boraepowar 

OGE Out of Ground Effect 

TRHP Tail Rotor Horsepower 

Rotor rotational tip Mach number s QE 

ik 

Q Rotor torque 

R Rotor radius 

R|ll^ Main Rotor radius 

®TR Tail Rotor radius 

siqma Rotor solidity * || 


MRT 

TRT 

Y 

Z 


Main rotor thrust, positive up 

thrust, positive right, parallel with the 


Lateral seoaration between the fuselage centerline and 
the centroid of the tail rotor hub 

Distance be^esn the ground plane and the centroid of 


hlST OF SYMBOLS - (cont'd) 


Distance between the upper surface of the BLACK HAWK 
fuselage and the centroid of the rotor hub 


Airfoil maximun thickness to chord ratio 


Tail rotor cant angle « degrees. Positive gives an 
upwardly inclined tail rotor thrust vector. 


Rotor collective pitch, degrees 
Rotor blade twist, degrees 
Mass density of air 
Rotor solidity « || 


Rotor rotational velocity, radians per second. 



TEST-PACILITIBS. APPARAWS AMD PROCEDUHES 
BASIC MODBL. TEST RlQ 


The Basle Model Test Big (BHTR) was designed as a self-contained 
helicopter rotor test rig. Figure 1 snows the BMTtt (without 
skins) and Figure 2 presents a reduced else engineering drawing. 
Being a self-contained rig, the BMTR can handle a range of rotor 
systems and fuselage skins as well as model support schemes. The 
latter feature is possible because all of the data measuring 
systems, rotor power and control li^ut systems are completely 
self-contained and only reguire the attachment of power, hydrau- 
lic, control and data signal lines plus a support structure to 
provide a teat configuration. 

The BMTR main rotor is driven by a 90 horsepower 3-phase syn- 
chronous electric motor through an RFM reducing gearbox. All 
rotor forces and moments are measured on a strain gauge balance 
(TASK Model Mo. 2.5 NK XXIIIA). Rotor torque values are measured 
on a separate load cell (REVERE Model USFl- . 5-B-S2d3 ) attached to 
a torque arm. Details of the balance accuracy together with the 
element capacities of the balances are given in Table I. 

The removable fuselage skins are not hard mounted to the basic 
INITR structure, but are arranged such that the forces and moments 
experienced by the fuselage are measured on another separate 
strain gauge balance, in this case a TASK Mk>del Mo. 2.5 NR XIX. 
Again, the balance calibration and balance element capacities are 
given in Table I. 

All tall loads are separately measured on a third 6-coiiqp)onent 
balance, a TASK Model Mo. 2.0 MX XVI, the characteristics of which 
are also given in Table I. This balance measures the net system 
thrust on the tail rotor (tail rotor thrust plus thrust recovery, 
less fin side force reaction) as distinct from tall rotor thrust 
alone. The power for the tall rotor is supplied by a 20 horse- 
power 3 -phase synchronous direct drive electric motor. 

Main rotor control inputs are made via jack screws and a conven- 
tional rotor swashplate. The control inputs are measured at the 
outputs frcm the jack screws via potentiometers, with the cyclic 
inputs being monitored to give zero flapping as measured on a 
blade flap potentiometer. Tail rotor inputs are similarly made 
via a jack screw plus a non-tilting swashplate, with the collec- 
tive inputs also being measured via a potentiometer on the push- 
rod. It should be noted that these methods of blade pitch meas- 
urement do not generally give the actual blade pitch angles 


as 


because of the dffeete of flexibility ih the system. X«i addition, 
the effects of tail rotor "delta 3" (the blade flap-pitch coup- 
ling) are not included. The effect of the "delta 3" on the tail 
rotor (there is no "delta 3" on the main rotor) is to give an 
actual blade angle different than the input blade angle, while 
the absolute blade angle values .cannot be defined exactly, the 
changes in blade angles due to interference effeets are correctly 
measured. 

During tte installation of each set of rotor blades, the rotor 
collective was reset to sero. However, any reguired change in 
blade pitch values necessary to yield a correct blade track (all 
blade tips following the same tip path plane), could shift the 
reference point sli^tly. During the test, some slippage of the 
main rotor collective pitch potenticmeter became evident during 
the data reprocessing. Attenpts have been made to correct for a 
number of major shifts in the collective readings, but not every 
run has been individually checked. Hence, detailed comparison 
between test main rotor collective settings could be misleading. 

When the tail rotor is reconfigured as a pusher, the drive motor 
and control inputs are flipped over, causing a change in sense of 
the control input jaekscrew and potentiometer. During the data 
reprocessing, this shift in tall rotor collective slope (and sero) 
when changing from a tractor to a pusher configuration has been 
automatically accounted for. 

As indicated previously, the main rotor torque measurements were 
made separately using a load cell attached to a torque arm. 
However, the tail rotor shaft torque measurements were not meas- 
ured separately, but were measured on the pitching moment elements 
of the tail balance. After correcting for the effects of canting 
the tail rotor thrust vector (if appropriate) the remaining 
pitching moment is assumed to be equal to the applied tall rotor 
torque. To minimise any errors in this approach, all runs con- 
ducted with the tail rotor operating were configured without the 
horisontal stabilator to eliminate any download contamination on 
the pitching moment reading. 
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MODEL HOVER TfiST FACILICT 


The teete were eondueted in the Sikorehy ttodel hover teet feoillty 
uelna the bNTR. To Inoraeee the fregoeney of eegulring useful 
nodel hover test data, an open roof enelesure was oonstrueted In 
1981 around the model test cell (lover faeillty (Figures 3 & 4) to 
minimise the impact of winds. The S-slded structure has 9 bays* 
each of which has a separately controllable door that can be 
lowered or raised as required. The structure measures 12. 8m (42 
feet) wide* 9.1m (30 feet) long 9.1m (30 feet) high* and is 
mounted on the side of the test facility building which houses the 
control consoles and the data aoqulsition/reduotion BP 98458 
computer. Initial runs were made on the teat facility to select 
the amount and combination of door openings that minimised wind 
induced rotor performance effects for all wind conditions below 20 
knots* while still giving minimum enclosure effects compared to 
calm wind* open door conditions. Figure 5 shows the typical 
variation in ue lose of OCS! hover peak Figure of Merit with door 
height for calm wind conditions. The selected door opening of 
1.2m (4 feet) was used for the majority of the test with an occa- 
sional run with doors open to cheek that the measured inter- 
ferences were not influenced by the proximity of the enolosure 
doors. 

An airspeed anemometer and weather vane are mounted on the top of 
the enclosure directly above the rotor test rig. With doors open* 
the anemometer reading and wind direction indicators match those 
taken at the Sikorsky Aircraft Control Tower. However* with the 
doors at the normal teet condition* the anemometer reading is 
significantly lower than the true outside wind speed. Correlation 
between the rotor performance changes and the anemometer reading* 
when operating under high outside wind conditions* appear to 
indicate that the anemometer reading is an accurate indication of 
the wind condition that the rotor experiences. Hence* if the 
anemometer reading shows 2-4 kph (1-2 knots) or less of wind* it 
can be expected that the data being taken is of good quality 
independent of the ambient wind conditions. 




facility ie the hydraulic ram to 
^ich the BMTR ie mounted* which can be raised or lowered with a 
7.62 meter (28- feet) stroke capability (see Figure 3). When the 
ram is fully retracted^ the mo&l rotor head is located lOScm (41 
inches) above the «ound. This corresponds approximately to a 
rotor height to radius ratio (2/R) of 0.76. To obtain lower z/R 
ratios reguires the construction of a platform to raise the 
apparent ground level. 


Previous ^sts conducted by Sikorsky did employ a platform 7.3m by 
7,3m (24 ft. by 24 ft.), allowing Z/R values as low as 0.45 to be 
tested. Comparison of results from that test are included in this 
report for completeness. Full stroke on the ram positions the 
iMdel rotor head at a Z/R of approximately 6.5, well in excess ©f 
the height necessary to simulate out of ground effect (OGE) 
cMditione. At this upper position, the model rotor is closely 
aligned with the top of the enclosure, and to ensure minimum upper 
flow disturbances, a lower Z/R was selected for the OGE segment of 
the test. The final selected Z/A was 3. 


The rotor and RPM controls for the BMTR are located in the control 
room of the test facility building. Independent control over the 
main rotor and tail rotor RPM's and collective angles are avail- 
able, together with main rotor lateral and longitudinal cyclic 
values. More complete details of these items ate given in follow- 
ing sections. 


The electrical power supply (3-phaee, variable frequency) for the 
main rotor for the majority of the test was a Servo optics 440V 
500A solid state ** Static Drive" unit. The tail rotor power was 
supplied by a Sikorsky 440V 200A "Varidrive" unit fabricated from 
components supplied by a number of manufacturers. For a limited 
number of lower power runs the "varidrive" unit was used to power 
the main rotor while the "static Drive" was out of cosmiictsion. 

The main supply voltage used to drive the HP computer, the MBFF 
signal conditioning unit and the strain gauge power supply was 
Bt^ilised using a Deltec Corporation DLC i860 signal conditioning 


3S 


DATA AOQOI8iyiOW/RBt)UCTl<ai 


All data acquisition and reduction in the test was hwidled by a 
NEFF data processing system combined with a BF 9d45B computer. 
Each of the 3 balance strain gauge signals plus main rotor torgue 
and RFN, and tall rotor PPM were saaq^led S times by the NEFF 
system during each data point scan. The mean values were then 
input to the con^uter where they were recorded on tape for future 
reprocessing and processed immediately for on line display on the 
CRT and hard copy printout. All position type data (such as rotor 
input cyclic and collective control positions) were ii^ut to the 
computer after the balance mean values. All raw data, corrected 
raw data, equivalent dimensional data and nondimensional data for 
the main rotor, tail rotor and fuselage were immediately available 
for display on the CRT or hard copy printout. The data recorded 
on tape was reprocessed to include both start and end seros and to 
correct for any significant variations in input parameters such as 
ambient conditions. The final reprocessed data is the only form 
of the data presented in this report. The tabulated results for 
all test runs, including repeats, are included in this report as 
Volume II . Included in Volume ll are the run log aM test con- 
f igur atiou-index . 

The balance strain gauge signals were converted into engineering 
units using the calibration constants, then resolved into the more 
convenient 6 components of force and moments for each balance 
using the balance interaction matrices. Many of the rotor param- 
et^;rs were then processed further into nondimensional form (the 
definitions of which are presented in the LIST OF SYMBOLS sec- 
tion). The final form of the tabulated data, as shown in this 
report, presents the most relevant parameters for each of the 3 
balances presented in turn. For the main and tail rotors, these 
parameters are rotor tip Mach number, rotor collective angle, 
rotor thrust, rotor torque, C^/sigma, CVsigma and rotor Figure of 
Merit. For the fuselage, th# parameten are download, main rotor 
thrust, c^sigma, % download, main rotor *tcrque and torque felt by 
the fuselage as a result of the tail rotor thrust. The last two 
parameters should be approximately equal for main and tail rotor 
operations, therefore signifying a torque balanced condition. 

Most of the previously detailed main and tail rotor parameters can 
also be plotted against each other directly using the HR computer. 
Currently set up and available for plotting during data process- 
ing, for each run set, (as appropriate), are main rotor c^^/sigma 
and evsigmt against collective, main rotor c«/si^a and c^sigma 
againtft c^sigma, main rotor Figure of Merit against c^/sigma 
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(full and expanded scale), tail rotor C^/sigma against cVsigma, 
fuselage percent download against main ro^r c^^/sigma and fuselage 
dimensional download against dimensional main rotor thrust. 

Examples of these plots for a representative test configuration 
(S*76 Kain Rotor with fuselage and tail rotor, XOE at a z/R of 
0.78), are presented in Figures 6-14. The actual data points are 
shown on these plots with a least squares curve fit routine giving 
a line through the data for all plots except those involving main 
rotor collective and fuselage download. The best form of the 
curve fit equation was found to be A + + DC*®. The curve 
fit equations for each test condition are ^iven at top of the 
appropriate tables in the data package of Volume II. 

The bulk of the computer plotted results presented in this report 
involve ccxoparison between rotor performance levels as a result of 
configuration or operating condition changes. These plots entail 
2 or more curves taken from separate data mms and do not include 
any actual data points, but include only the least square best 
curve fit lines. 


At the top of all of the multiple curve plots, below the Plot 
Series title, the File-Name (HFT number) corresponds to the data 
rim number as detailed in the Test Run Log. The File Number does 
not correspond to the run number. 

A number of the figures in the Appendices show both C^sigma and 
C*/sigma on the came plot. As the run configuration Tb the same 
in each case (with the only difference between the curves being 
the download measured on the fuselage) the nms are identified by 
a mix of alfa numeric symbols. Po* exanq»le, the curve labelled 
«2'» represents the C*/sigma results while the curve labelled “2a” 
represents the C^si^a results. Figure Cll in Appendix c is a 
typical exmuple. ^ 




WXaSL ROtOllS 


Four different rotor blade eete were uaed in thie test. The 
resulting rotors all have a nominal diameter of 2.74m (9.0 ft.) 
when mounted on the BNTR 4-bladed rotor head. The physical 
characteristics (planform, twist, airfoils and t/c) of the 4 blade 
sets are presented in Figures 15*14 and Table 2. The blades used 
for the majority of the test were 1/5.7 scale UB*60A BLACK HAWK 
blades (Figure 15). The blades have a high twist (-16* eguivalent 
linear), a solidity of 0.0450 and employ a swept Up ^ SC1095 
and SC1095R8 airfoils. The second blade set corresp<mds to ys 
scale S-76 blades (Figure 16). These blades have a lower twist 
(-10* linear), a solidity of 0.0718 and emp. v a sw^t tapered Up 
and the same SC1095 and SC1095R8 airfoils. The third blade set 
does not represent any full scale blades and have zero blade 
twist, a solidity of 0.0997, a sguare tip and HACA 0012 airfoils 
(Figure 17). The fourth set of blades represent y 4.2 »cale, zero 
twist H-34 (S-58) blades (Figure 18). A solidity of 0.0616 is 
computed for these blades, which employ elliptic tips and the 
NACA 0012 airfoil. 


The tail rotor used in the test is non-scale and employs -4* of 
linear twist, a HACA 0012 airfoil and has a solidity of 0.2315. 
Also included in Table 2 are details of the Bain Rotor/Tail Rotor 
clearances used in the test and the blockage experienced by all of 
the rotors when operating with and without fuselage skins. 
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TEST PHOCgbORBS 


Thft test runs were conducted using a sittllar basic procedure, the 
only test configuration that reguired modifications to the pro- 
cedure were those involving the operation of both the main and 
tail rotor. 


Following test configuration preparation, the pretest calibrations 
(X, R and 2) were performed, then after a model 
minimise residual “stlctiott") start seros jmre taken, the initial 
test data point taken always consisted of a "dynamic sero". For 
main or tail rotor alone, these operations correspond to a close 
to aero thrust condition at the reguired tip ^ch number. ^This 
"dynamic sero" data point was useful for an Initial check of the 
system, a condition during which the blade flapping can be set to 
zero and a lower teat point to ensure a good data curve fit 
throughout the thrust range. 


When operating with both the main and tail rotors, the main rotor 
was set to the same close to zero thrust condition with the tail 
rotor thrust adjusted to give a resulting fuselage yawing moment 
which egualled and opposed the main rotor torgue induced yawing 
moment. The correct setting of the main and tail rotor thrusts 
for these and all subseguent conditions was made possible by the 
continually updated on line display on the computer's CRT. The 
seguence of operations to get any test point involved first 
setting the desired main rotor or tail rotor collective and then 
adjusting the RFM to get the reguired tip Mach number. For 
simultaneous operation of main and tail rotor following the 
setting of the main rotor condition, the tail rotor collective was 
adjusted to balance approximately the main rotor torgue. Follow- 
ing correct setting of the tail rotor RIPM, any final re-adjustment 
of the tail rotor collective was then made to give an anti-torgue 
value within 9% of the main rotor torgue reading. 


Following the initial "dynamic zero" data point, the early main 
rotor runs in the test then increased the collective setting up to 
a thrust level corresponding to a Cf./sigma of approximately .oe. 
For later runs, when the operating procedures had become more 
familiar, the region between the "dynamic zero" and ^e rotor 
operating region of moat interest (C^sigmas of .04 wd above) was 
also included in the data sweep. Once in the rotor operating 
region of interest, data points were taken at one degree intervals 
of increasing collective up to the rotor maximum as defined by the 
rotor thrust limit, main rotor torgue limit or main rotor stall. 




Data was than taken with reducing collective down to the lower end 
of the range of interest. On-line monitoring of the data taken up 
to that point allowed any repeat or additional points reguired to 
be identified and obtained. Following completion of the primary 
data before shutdown, an end "dynamic zero" was taken. After RPN 
shutdowna, the end zeros and calibrations were taken. Each data 
run was recorded on magnetic tape under its own identification 
number for easy access later for reprocessing and/or plot genera- 
tion. 
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TEST RESULTS AND DISCUSSION 


Data Raoaatabilitv/Seatter 


During the course of the test each set of rotor blades were 
removed and remounted at least once. As a system check after each 
new installation^ data runs were conducted repeating previously 
nm configurations. From these runs a measure of data repeat- 
ability was generated. The parameter showing the least repeat- 
ability was the main rotor collective » the variations of which 
have previously been discussed. The repeatability on the main 
rotor Figure of Merit (.003) is such as to permit fuselage or tail 
rotor interferences of as low as .4% to be highlighted. 

Main rotor data scatter was generally found to be acceptably low 
(CVsigma standard deviation typically .000042). However, certain 
test conditions/configurations did exhibit larger data scatter. 
The standard approach when encountering a configuration which 
exhibited increased data scatter was to Increase the number of 
data points taken to minimize the effects of random data acquisi- 
tion. Those data rune exhibiting increased scatter are discussed 
in tne appropriate following sections. 

Because of the method of tail rotor torque determination (using 
the tall balance pitching moment elements) less precision was 
evident in the tail rotor performance. Analysis of all repeat 
runs involving the tail rotor showed an average power repeat- 
ability error of 3.6% when operating in the upper thrust ranges. 


RESULTS SUMMARY 
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It was found that rotor geometry did have a large imqpact on ground 
effect thrust augmentation. Figure 24 shows the augmentations for 
the 4 rotors tested as a function of Z/R. The BLACK HAVnc rotor 
(which has the highest blade twist) recorded the lowest augmenta- 
tion while the highest augmentation was recorded on the low 
solidity, zero degree twist H-34 blades. 


Work by Hayden [Reference (12)] had previously concluded that 
presenting ground effect thrust augmentations on a 
GW^-,)3^2 against (D/2)* basis results in a linear relationsnip . 
Th^Tesults from the isolated main rotor se^ent of this test are 
presented in this form in Figure 25, and show a basically linear 
relationship for the lower twist rotors with the high twist BLACK 
HAWK rotor showing considerable non-linearity. 


Main Rotor/Fuselaqe 

When the BLACK HAWK fuselage was located below any of the main 
rotors, any change in the rotor thrust due to the presence of the 
fuselage could be detected on the rotor balance. Figure 26 shows 
the variation of this "thrust recovery" (ratio of rotor thrust 
with the fuselage to isolated rotor thrust) for the out of ground 
effect BLACK HAWK rotor for the 3 test tip Mach numbers. Except 
for the low thrust levels at the lowest tip Mach number, essen- 
tially no thrust recovery (or thrust degradation) due to the 
effect of the fuselage can be detected. 

When using the other rotors and when operating in and out of 
ground effect, the influence of the fuselage is more significant 
as Figure 27 shows. In this we see that the S-76 rotor always 
experiences a thrust recovery due to the influence of the fuselage 
while the H-34 and High Solidity rotors always experience a thrust 
loss. The BLACK HAWK rotor experiences changing trends when 
entering ground effect. 

While the main rotor is experiencing a change of performance due 
to the addition of the fuselage, the fuselage itself is experi- 
encing a download due to the rotor downwash. Figure 28 shows the 
variation of the percentage fuselage download (ratio of download 
to rotor thrust) with C^/sigma and tip Mach number. The variation 
of download expressed fn percentage is proportional to the rotor 
RPM showing that, within the thrust range shown, download is only 
a second order function of rotor thrust, and tip Mach number. 

The actual fuselage download experienced when using each rotor is 
shown in Figure 29 and demonstrates that the zero twist rotors 
have approximately a constant 2% download whereas the high twist 
rotors have a very non-linear download variation with thrust. 
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When operating at fixed tip Mach tmUBt, the change in fuselage % 
download with rotor and ground effect is shown in Fi^re 30. The 
BLACK BAWK and S-76 rotors (both blades with twist) have signifi- 
cantly higher download 0GB than the High Solidity and B-34 rotors 
due to the redistribution of rotor downwash away from the tip 
region in towards the rotor hub - where more fuselage exists. 
Entering ground effect generally reduces the downwash velocities 
at a given with the result that the differences between 
the twisted BMrwf^wisted rotors are significantly reduced. In 
addition r the pressure generated on the ground plane below the 
rotor when IGB becomes large enough to actually generate a "buoy- 
ancy" on the fuselage so much so that the load becomes an upload 
at Z/R's of 0.78 for all rotors. tested. 


This test employed a BLACK BAWK fuselage below the test rotors. A 
previous Sikorsky funded test employed an S-76 fuselage repre- 
sentation below an S-76 rotor. Comparing the downloads from these 
two teste, using the same S-76 rotor and the two fuselages gives 
the results shown in Figure 31. Bere we see that OGE the wider 
and longer nosed S-76 fuselage experiences a higher download 
especially at the higher thrust levels. In ground effect, the 
ground plane buoyancy affects both fuselages about the seuae, 
resulting in the S-76 again experiencing more download (or to be 
truly correct less upload) than the BLACK HAWK fuselage. 

Again looking at the IGE trends using the Hayden form discussed 
earlier, only this time adding in the fuselage download effects, 
gives us Figure 32. The previous non-linearity in the BLACK HAWK 
data is now absent and all "augmentation factors" have been 
improved with the High Solidity results now even exceeding the 
Hayden empirical line. Also shown on this figure are the results 
of the previously mentioned test using the S-76 fuselage and 
rotor. Almost identical ground effect augmentation results are 
apparent coa»ared to the current BLACK HAWK fuselage with s-76 
rotor. The previous test included results at lower 2/K ratios 
(higher (D/2)*). 


Main Rotor/Tail Rotor 

Another element of the test involved testing the main and tail 
rotors Simultaneously without the fuselage. Figure 33 shows the 
variation in the loss of main rotor thrust due to the influence of 
the tractor tail rotor (cofig>ared to the isolated rotor) as a 
function of rotor thrust, ground effect and tail rotor location. 
When either OOS or XGE no change in main rotor thrust was measured 
when changing the tail rotor’s lateral position. However, signif- 
icant reduction in interference was available from either moving 
the tail rotor aft or down. The interference effects OOE were 
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found to bitfientially indopendent of totot thruot but atrongly 
dopendent XOS. ' 

Main Rotor/Tall Rotor/guaelaae 


the major part of the teat involved configurationa containing main 

fuaelage. Figure 34 ahowa the loae of BLACK 
^vnc OOE main rotor thrust due to the interference effects of the 
fuselage and the tail rotor when mounted in a variety of posi- 
tions. the ratio of main rotor thrust shown in Figure 34 ie 
measured at a constant main rotor torque equivalent to a fixed 
isolated main rotor C^/sigma. The two lines on each bar chart 
represent the relative performance of the main rotor at C 4 ./sigmas 
of 0.06 and 0.10 with the arrow depicting the trend direction for 
increasing C^/sigma. It can be readily seen that all of the 
alternate lodhtiona and orientations in the tractor and/or pusher 
modes experienced less thrust loss than the standard location and 
separation, 0^ cant configuration. In fact, a number of the 
confijmrations (especially at low thrust) show thrust levels with 
the fuselam and tail rotor that are higher than those for the 
isolated main rotor. However, only the configuration with the aft 
tail rotor location, increased separation and 0® cant consistently 
produced thrust levels better than those for the isolated rotor; 
The pusher tail rotor results are essentially repeats of the 
factor tail rotor results, except for the reversal of trend with 
increasing thrust for 2 of the configurations. 


In ground effect (Figure 35) similar trends are apparent with all 
alternate locations producing less main rotor interference than 
rae standard location# with less main rotor thrust than an iso** 
lated rotor. The best tall rotor location is now aft with stand- 
ard separation and 20® cant. 


In both 0GB and IGB conditions, moving the tail rotor aft or 
intoducing 20® of tail rotor cant significantly reduced the 
interference felt by the main rotor due to the fuselage and tail 
^^tor, plus pusher or tractor tail rotor configurations did not 
significantly effect the main rotor Interference. 

When the tail rotor is located in its standard location and 
separation, the impact of the fuselage and tail rotor (in both 
tractor and pusher modes) on the 4 different main rotors (oOE) is 
shown in Figure 36. Little significant difference in interference 
is evident when changing the tail rotors from pusher to tractor 
operation. The s-76 rotor appears to experience the lowest 
interference effects while the High Solidity rotor ei^eriences the 
largest. 
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When operating in ground effect, (Figure 37) the variation from 
rotor to rotor (particularly at the highest thrust levels) dimin- 
ishes considerably compared to OOB. The BLACK HAWK rotor does, 
however, eitperience more interference than the other rotors. The 
experience a larger interference penalty ZOB than 0GB due 
to the influences of the fuselage and tail rotor. 

previously, while the main rotor is ejqperieneing its 
ojm ttost losses, the fuselage is being subjected to a download. 

experienced by the fuselage when below a BLACK HAWK 
rotor OQE for a range of tall rotor locations is shown in Figure 
38. Variations in tihe download with tail rotor location (espec- 
ially at th<9 higher thrust levels) are evident. All tractor tail 
rotor configurations produce more download than the standard 
location, and counters the reduced interference effects on the 
However, the download with the pusher tail rotor 
configurations appear to be significantly lower. The influence of 
tte ground is to reduce the variation in download with tail rotor 
(^ivvre 39). worthy of note is. that unlike the results 
for the main rotor and fuselage alone, the addition of the tail 
rotor affects the ground plane buoyancy effect such that a fuse- 
lage download (not an upload) still exists (although much reduced 
from the ooB value). 


The download experienced by the fuselage when operating with fixed 
■^il rotor location and the 4 different rotors is shown in Figure 
40 for OOB conditions. The download variation is very similar to 
Figure 30 (for the main rotor and fuselage alone). 
Little impact due to variation between pusher or tractor tail 
rotor nwdes is evident except for the H-34 rotor, in ground 
effect (Figure 41) also shows little variations with rotor system 
except for the H-34 rotor. 


Tail Rotor /Fin 

^en any tail rotor is employed on a helicopter, its very instal- 
lation results in a performance change eon^ared to its "isolated'^ 
configuration. The magnitude and sense of this performance change 
is very strongly influenced by the tail rotor separation from the 
pylon, the tail rotor operating mode (pusher or tractor) and the 
^oimt of tail rotor blockage. Figure 42 summarises the changes 
in total tail rotor system performance (sum total of download on 

rotor thrust recovery) as a result of the 
addition of the BLACK HAWK pylon to a number of tail rotor con- 
figurations. The ratio T/*.go, shown in Figure 42 is measured at 
a constant tail rotor tor^e^el^ivalent to an Isolated tail rotor 
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of .012. Tht majority of tail rotor oonfigurationa axparienood 
a''total ayatam thruat inoraaaa duo to the pylon inatallatlon. The 
one confiouratien that eonaiatently gave a thruat loaa, vaa the 
low tail rotor location which had a nearly 100% inoreaee in 
effective tail rotor blockage eonpared to the atandard location, 
(18.4% and 9.4% inoreaae in blockage over their reapeotive baae- 
linea). The puaher tail rotor oonfigurationa recorded aimilar or 
fractionally werae ayatem thruata compared to the tractor tail 
rotor for atandard tall rotor locations but aignificantly better 
performance for the low tail rotor location. Table 2 gives the 
blockage values for the baaellne "iaolated** tail rotor configu- 
rations and these represent the support structure for the tail 
rotor assembly which causes its own tall rotor blockage. These 
blockages correspond to 13.2% and 13.0% for the standard and low 
positions respectively. The addition of the fuselage pylon 
results in a different blockage effect which in some cases results 
in a total system thrust higher than the original "isolated" 
condition. 

Tail Rotor/Main Rotor 

Without the pylon but in the proximity of the BLACK HAWK main 
rotor, the tail rotor again experiences a change in thrust char- 
acteristics. Figure 43 shows the Ingtaet of the various configu- 
rations OOE and XOE on these characteristics. For the majority of 
tail rotor locations, the presence of the main rotor significantly 
reduces the tail rotor thrust (over 20% thrust loss was recorded 
with the tail rotor in its standard location). Note the low tail 
rotor location experienced no thrust penalty probably as a result 
of the increased rotor downwash from the main rotor in this 
region, (and further confirming the best tail rotor rotation of 
forward blade moving up). This improved tail rotor thrust capa- 
bility is not at the expense of main rotor thrust either (Figure 
33). 

Tail Rotor/Main Rotor/Fuselads 

The tall rotor capabilities in the presence of both the BLACK HAWK 
main rotor and the fuselage are shown in Figure 44. in either the 
tractor or pusher nodes, moving the tail down was a distinct 
penalty. In tractor mode, canting the tail rotor or moving it aft 
with Increased separation improved the tail rotor performance 
compared to the standard location, in the pusher mode, the 
standard tail rotor location gave better performance than any 

J erformance in the tractor mode, and moving the tail rotor aft 
mproved the performance so much it was now better than even the 
Isolated performance. 
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The lOB trector tail rotor performance (Figure ♦Sj wae almost a 
duplicate of the OOB results, the only real 
amaiiar variation in performance due to configuration. The XOB 
effects were more pronounced for the pusher configurations causing 
reduced tail rotor performance. 

m 

When employing the tail rotor in its standard location, the 
variatim «i tail rotor performance with varying main rotor and 
tail rotor mode, OOB, is sho^ in Figure for ® ^5? 

Duaher tail rotor mode proved superior, although witt the s-ve 
rotor, the improvement was not as large. When lOB 
very similar trends to those shown OC® are apparent except now ^e 
H-34 rotor gives slightly better tail rotor performance in the 
tractor mode than the pusher mode. 

System Performance 

S till now, all of the changing interference t^^ects *iave ^en 
scussed on their own merit. However, it 
say. moving the tail rotor aft reduces the ^^»11 
reouirS^ to bSance the main rotor torque so that ^1® i® 

coSlimentary to the reduced main rotor/tail rotor 
thS also occurs. Similarly, canting the tail rotor Pf®*Jf®® ®J 

l^eus in the .ygteB lift ae »el>- “ • . ,}? S tSeae 
rotor/tail rotor interference. To fully integrate all or tnese 
factors into SSitity that will measure the overall syst^ 

efficiency, we will use the System Figure of Merit. For this, the 

load) sf iH the cotal system power (main plus tail rotor power) are 

used in the calculation as detailed in the List of 

nil nade 33 Fioure 48 shows the total OOB system impact of the 

changes in tail rotor configuration with the BtACK 

using the system Figure of Merit as the reference parameter. All 

tail rotor configurations except the 1^ tractor 

gave better system hover performance than the st^dard location 

t?Mtor till totM. Hovlngi the tell rotor aft anyor ^tlnj U 

a 4 dhi fidatiriv imnroved t he system Figure of Merit. The pusher 

tafl rotor mode gave better performance than similwly 

tractor tail rotor results. The loB results are shown in Figure 

49 and are similar to the OOB results. 

It should be noted that OOB the total system interferences by 
the individual components when operating together ®f® ®®®J“^i*iJ;y 

the same as when operating on their own. ' JJff iSSel 

lAad on the fuselage due to the main rotor was the same inde 

indent of the VperVion of the tail rotor. Utt^®^^^bately, when 
operating in ground effect the resulting more complex flow fields 
proved to generate more interactive effects. 
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Fi9Ur« 50 presents the OOE systeai hover perfomtnee with standard 
tail rotor location for all of the main rotors. l!he BLACK HAWK 
rotor has the best system- hover perfors^anoe with the pusher tail 
rotor being the best tail rotor configuration (as shown in Figure 
46). Except for the Be34 rotor, the pusher tail rotor mode was 
found to be the best. 

Figure 51 shows the emivalent results for the ZC^ (2/R s o.78) 
condition. Because of its inq^roved ground effect augmentation 
coa^ared to the BLACK HAWK rotor, the 6-76 rotor almost gave the 
highest system Figure of Merit. Note the tractor mode High 
Solidity rotor results had guestionable tail rotor results and an 
estimate of the correct performance has been incluited (based on 
the tail rotor results with the low main rotor head), tnbe vari- 
ation in system Figure of Merit with rotor system was fotmd to be 
much less IQB than (XSB. this is primarily a result of the im- 
proved ground effect augmentation apparent on the lower efficiency 
rotors when operating IGE. 

Main Rotor Shaft Height 

The final part of the contract testing involved runs with the 
reduced height rotor shaft which positioned the main rotor head 
0.0508m (2 inches) model scale -0.2908m (11.454 inches) full 
scale, closer to the fuselage. Figure 52 shows the impact on the 
06E main rotor thrust recovery of this rotor head movement. For 
the most part, no significant change in characteristics is ap- 
parent* similarly, the results for the two in ground effect 
condition (Z/R's of 1.2 and 0.78) shown in Figure 53 and 54 
respectively, do not show significant variations, except that the 
H-34 rotor shows more thrust loss due to the low shaft height in 
Figure 54. 

The best criteria for determining the overall impact of the 
reduced rotor head height is using the system Figure of Merit. 
Fi^re 55 shows the results of the change in rotor head height 
using such an approach, for all 4 OOE rotors with a tractor tail 
rotor in the standard location. Very little change in system 
Figure of tisrit is apparent. However, the eoaq^anion lc»B results 
of Figure 56 do indicate that for the S-76 and BLACK HAWK rotors 
the low rotor head height would prove to be a disadvantage. Fart 
of the reduced ICS system efficiency could be attributed to a 
difference in fuselage download between the high and low shaft 
heights since the data are compared at a constant hub height from 
the ground. However this effect would be small as the download 
derivative with hub hei^t above the ground is small. 
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VBRglCAL DRAG AMM.Y8IS 

slkorflltv Ai rcr aft curraatly hM 3 vaftical dra) analyaia 
tS of inaftia ma«Jod and two rotor wake /J? 

moment of inertia method will not be covered here 
rotor oeometry and fiaelage croaa-eection shape are not capable of 
beino accoiSed for. The two methods used to show torrela^on 
with^ the test results involve a strip analysis tor 
below the rotor iimnersed in rotor wakes generated fr«i model rotor 
test ^ (analysis identified as Y106) or using Sikor^y Air- 
craft's Circulation Coupled Hover Analysis Erogram (CCHAP) as 
described in Reference 13. 

Figure 57 presents the correlation b^ween the <x» tost an^ 

oredictod fuselage download as a ftmction of rotor torust (c^/ 

sigma) and geowtelry. The predicted results in 

aeneratod uff i tog Y106 program that uses a fixed e^irical 

?test) wake geometry that is only a function of ^1®^ .t*^st. ® 

result^ the % fuselage download (fuselage download ^ 

rotor thrust) is independent of rotor C^ysigma, 

results demonstrate a reduction of ^wnload with 

iSust. The BLACK HAWK and S-76 rotor tost results 

predicted result, whereas the predicted results ton togh 

Solidity and H-34 rotors were in excess of bota of the test down 

load values. 

Figure 5S shows the equivalent correlation using the CCHAP pro^am 
torthe theoretical basis. In this case the theo:^ does show a 
correct trend variation with thrust, in addition, toe 

predicts the tost result closely in eve^ t^nlor^^toe 

excent tor the higher thrust level case tor the H-34 rotor, toe 
CCHAF results are all within O.S% of the tost results. Overall, 
toe CCHAF results are a significant iiiq»rov«iient on toe Y106 

results . 




COMCtUSlOWS 


Isolated Main Rotors: 

1.1 increased tMiut increases rotor performance 


1 2 Increased twist reduces in-ground»effect thrust augmen- 
tation but still yields better rotor performance. 


1.3 Ground effect does not affect tip Mach number trends. 
Main Rotor & Fuselage: 


2.1 Download on fuselage due to high twist blades is non- 
linear with thrust 


2.2 The fuselage experiences an upload in ground effect 


2 3 Ground effect thrust augmentation is increased with a 
“SSSse ^ th. effect, of fu.el. 9 e force, .re xn- 

eluded. 


2.4 Increased blade twist increases fuselage download out of 
ground 6 ffdct - unchanged in ground offocv 



2.6 The high and low twist rotors _ J 

thrust recovery due to the fuselage. The moderate twist 
rotor did experience thrust recovery. 


Tail Rotor and Fuselage: 


3.1 increased separation from fin/pylon elightly improves 
performance. 


3 2 The low tail rotor location experienced signific^tly 
iSJ. Ic.. of petfoWMic. du. to inetoMed block.9». 


3.3 Cutting th. toll rotor (troetor mod.) not signif- 

icantly change the tail rotor performance. 


3.4 A tractor tail rotor ie more suiceptibie to blockage 
than a pusher tell rotor. 






4. Main Rotor & Tail Rotor 




4.1 Incroaaing tail rotor claaranca (movingf tail rotor aft) 
ai^ificantly raducaa tail rotor intar faranca on main 
rotor. 

4.2 Moving the tail rotor *iatarally doas not change the 
intar faranca on the main rotor. 

4.3 Moving tha tail rotor down does not change the tail 
rotor inter faranca on tha main rotor, but significantly 
iiqprovea tha tail rotor performanca. 

4.4 Tail rotor intarferance on the main rotor still exists 
in ground effect. Tha trends are similar and the 
interferences are generally higher. 

5. Main Rotor & Fuselage & Tail Rotor; 

5.1 canting tha tail rotor reduces the interference experi- 
enced by tha main rotor. 

5.2 Moving the tail rotor aft reduces the interference 
experienced by the main rotor. 

5.3 Pusher tail rotors produce as much interference on the 
main rotor as tractor tail rotors 

5.4 Out of ground effect the total interference effects 
approximately equal the sum of the individual inter- 
ferences . 

5.5 In ground effect the sum of the individual interferences 
do not equal the total. 

5.4 Lowering the main rotor head to make it closer to the 
fuselage did not change tha fuselage download but did 
slightly reduce the rotor performance at low thrust 
levels. 

5.7 Based on the total system Figure of Merit the best means 
to reduce the main rotor/tail rotor/fuselage inter- 
ference is to cant the tail rotor and/or move it aft. 
The best configuration tested involved an uncanted 
pusher tail rotor in the aft location. 
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Figure 5. Impact of Door Opening on Rotor Hover Performance 
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Figure 18. H-34 Model Rotor Character istks 
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FIGURE 19 BLACK HAWK MODEL FUSELAGE CONTOUR DETAIL 
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Figure 25. I«o1<tted Main Rotorsi Ground 
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Figure 28. 


BLACK HAWK Rotor with Fuselage. X Fuselage Download, 06E 
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Figure 29. All Rotors* Fuselage Download 
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Figure 32. Mali Rotor with Fuselage, ISE Trends 
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APPEMDIX A 


I8QLMBD MAIN ROTOR DATA 


The aoquleition of the isolated rotor performance data (4 main and 
1 tail rotors) was primarily for generation of a baseline against 
which the impact of the fuselage and tail rotor interferences 
could be assessed* However, analysis of the main rotor data 
itself yields the influence of a number of rotor parameters on the 
tip Mach number and ground effect thrust augmentation characteris- 
tics of hovering rotors. 

The tip Mach number trends of the isolated, out of ground effect, 
HLACK HAMK rotor are shown in Figures A1-A3. Figure A1 shows the 
comparison on a c^sigma against basis* Figures A2 and 
A3 show the comparison on a Figure X Merit against c^/sigma basis 
with Figure A3 showing the results in the area of iiKerest on an 
expanded scale* Figures A1 and A2 show very little difference 
between the M«0*55 and M«0*60 lines, with more but still not large 
differences between the Me0*60 and M«0*65 lines* Figure A3 shows 
the effect much more clearly when using the e»anded scale Figure 
of Merit plot. The maximum values of the C^/sigma reached dicing 
each run are only indicative of the fixed thrust and torme limits 
ioAosed on the test hardware, not the variation of the rotor 
thrust capability with tip Mach number* The effect of tip Mach 
number variation is to change both the peak Figure of Merit and 
the C«,/sigma at which the peak occurs* The higher the tip Mach 
nurtbeir the lower the Figure of Merit and the lower the c^/sigma at 
which it occurs* At the lower values of C*/sigma the rotor 
performance (both in terms of C^sigma and Fi^re of Merit) is 
completely independent of rotor %ip Mach number* All of these 
trends are normal and consistent with full scale rotor trends. 

The equivalent tip Mach number trends for the isolated, out of 
ground effect S-76 rotor are shown in Figures A4-A6* Again it is 
not until the results ate shown on the expanded scale Figure of 
Merit plots (Figure A4) that the Mach number trends become clear. 
Virtually identical trends to those dosonstrated on the BLACK HAWK 
rotor are apparent* 

The tip Mach number trends for the isolated, out of ground effect 
High Solidity rotor are shown in Figures A7-A9* in spite of the 
earlier technology rotor configuration (low twist, 0012 airfoil 
and rectangular tip) the trends are again small and only really 
apparent in the expanded scales of Figure AS. Unfortunately, the 
rig torque limits are such that the upper limits of the test 
C 4 ./sigma are relatively low for this rotor* Ihe highest Figure of 
Merit measured on this rotor (.603), at a tip Mach number of 0.55, 
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rotor®? iSd*‘thi*“a ?** S? **• *“<=* «*« 

Evon tli.i.”US‘pl^r.*;?H.?iVU-St’r.*i^^^ ** condition. 


eonfllct with th« tip Mach number of 

Solidity tiia A10-A12). The lowSr 

similarly configured high 
solidity rotor p allows much higher rotor C. 4 ./sicima vaiuea to ^ 

Iwfore the thrust and torgue limits^ come inti ? play, in 
factp c^/sigma values well beyond the value for oeak rioifro 
^rit »&• .chioy«d,l«. in .ddfu“ Jort PiSuw^f (KS?fof 
^is rotor Was found to be guite low (*5fi). Initiailv thia iom 
P igure of Merit »a* attributed to tii effecte Vf .MTltri?!! 

antlcSetod^’Lfc^Jtirf.*”*^!.*^^®’'” ®£ inereaee but not of the 

anricipatea magnitude, it was subseguentlv determined that tno 

prinary reaeon for the low Figure of M«it for 5» »T34 blSiis md 
Solidity^ rotor Figure of Merit of the High 

othJ? So"ett of ^ ***«•" «*“* “«* ^ 


The H*34 blades exhibited substantially more conino for a o-ivan 

?2^i5^Hee?^f^i!? coning. The result of the coning 

rotor radius and tip speed and to drive 
the she<L tip vortex closer to the following blade, hetoe inereaa! 
ing the rotor C„ and lowering the Pigure of Merit Por th* 

effect of decreasing the Pigure of Merit by”up 

mosWull^sSii^aWtoJfaffJ^*'®^.*^^^^ ?®? significant becLse 
toSir diii2? similar coning angles at 

HAwi^atwf®e^?i levels. The more recently fabricated BLACK 

stiffness distributions 
lighter and less stiff than scale, and 
the High Solidity blades are non-scale a very heavy and stiff. 


CompoundiiM probleiM with the data trend comparison for tha h <>34 


curve fit ;r ?/9 ™ least sguares 

. eguation (A t b t D C^*) to handle correetiv the 

c^/sigma for peak Pigure of Merit). The problel does^not occur ^ 
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whS ifeed ihe totor), the form of the eguation 

However, limiting the data" to thrust Uvels up*to the ^c*^fof^the 
and**Ai6)?^* ****^^^ eliminates the curve fit problem (PiWes All 


lie 






£t( i. ■ wt%-A>13 eiL*a.af#w ^ 




APPBMDIX-A 

in addition to the Haoh number trend® for the bM®Une /otore, 
ground effect trenda were alto 8?»»r®ted. The 
BLACK HAWK rotor are ehowh 

Aia^and A19 ehow the effect of ^e ground on the 5®®^® 
eional rotor thruet-power relationenlps for the 3 Z/R’e tested 
(3.0, 1.2 and 0.70) for each of the 3 test tip Mach numbers of 
0.55, 0.6 and 0.65. The cross plots of those data, showing the 
increase in thrust capability at constant power over the out of 
oroSd effect capability, at the two in ground effect conditions, 
at a tip Mach number of 0.6, are shown in Figure A20 as a function 
of the reference power. These results show a Yftying trend of 
around effect augmentation with power level - an increasing trend 
with power for t5 higher wheel height condition wd a decreasing 
trend*^with power for the lower wheel height condition, although 
neither trend is very strong. ® 

alent to the 0GB power required at the BLACK HAWK design P®iwt was 
selected and the variation of the rotor ground 
capability as a function of 2/R, is shown in F^re Ml, {or the 
tip Mach number of 0.6 and the other 2 Mach numbers tested. 
Figure A2l shows that for the BLACK HAWK rotor the variation of 
growd effect thrust augmentation with tip Mach number is negli- 
gible. 

The eguivalent results for the S-76 rotor are also shown in Figure 
A20 and Figures A22 and A23, the High Solidity rotor in Figures 
A24 and A25, and the H-34 rotor in Figure A26. 

Comparing the thrust ®We»tation results for ^ 

(Figure A27) reveals a significant ii«pact of twist 5^ 

the trends and magnitudes as a function of 2A* 
rotor with its high twist shows less overall tl^st augmentation 
than the other 3 rotors although most ?^,^® 

the small augmentation at a 2^ JXiiar tS 

augmentation when going from Z/Rjs ®/ iSs i2it best 
that shown on the S-76 rotor. The 8-76 rotor has «e next nest 

SugMMUiUoft followed by thI dill 

ahowM the oreatest augmentation of all of the rotors. The oix 

ferences in augmentation between the ^oi?dltv^has*^a 

would tend to indicate that increasing the rotor solidity has a 
detrimental effect on ground effect {h^st augmen^Uon. This 
result is counter to the results obtained by cheesman, et ai in 
Reference 11. It is likely that the coning effects that were 
previously discussed affect the conclusions reading ground 
effect augmentation. The effect of coning is similar to the 
effect of^ist with large coning 

effect reduces the adverse tip loading penalties «d therefore 
rotors with more adverse tip conditions will betwfit more from 
ground effect than rotors with relatively benign tip conditions. 
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APPBilDIX A 

As a result, rotors with poor 00& perfomanee will achieve higher 
augmentation than rotors with good OOG performance, niis trend is 
apparent in the data presented. 
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Figure A-21. Isolated BLACK HAWK Rotor, Effect of on Ground Effect 
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Unlike the main rotorsi only 1 tail rotor was employed during the 
teet. However^ a number of different locations were employed 
which, combined with the fact that the tail rotor performance wae 
measured on the tail balance rather than a tail rotor balance, 
still required many baseline tail rotor nms to be made. The Mach 
number trends for the uneanted tail rotor in the standard location 
are shown in Figure B1 and are somewhat inconclusive. In addi- 
tion, the introduction of ground effect has no significant inq^aot 
on the tail rotor performance (Figure Bl) as would be hoped. 

The introduction of tail rotor cant has a small detrimental iii»act 
on the tail rotor performance (Figure B2). Figj^e B2 also snows 
the apparent influence of increasing the tail rotor separation 
from the support structure. Without cant, increasing the separa- 
tion appears to hurt the tail rotor performance, whereas with cant 
the performance penalty is reduced. 

Figure B3 shows the intact on the apparent tail rotor performance 
due to moving the tail rotor down. The gains in performance may 
be primarily a function of the measuring system and are the reason 
all the baseline runs were required. Moving the tail rotor down 
and out increases the apparent performance in both the tractor and 
pusher modes, with the pusher experiencing a larger inqprovement 
due to the move. 

Figure B4 shows the coaq>arative tail rotor performance differences 
between the tractor and pusher configurations, with standard and 
increased seq>aration. In pusher mode the separation change effect 
is negligible unlike in the tractor mode. In either case, the 
pusher configuration has better performance than the tractor 
configuration . 
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gating a fuMlage under an operating main rotor srovidea two 

firet being &e fueelage’e interference 

flocimd ^4 ? rotor thrust recovery, and the 

second being the rotor's interference on the fuselaoe in the forS 

download. The coBd>ined effect of thrust recovery and 

scale helicopters atist be CMsid- 

d£2Sli^ dSSaS./“^"5?T ro^tSJuarb«uy*hf“eo^~^ 

C*l/sioSa*^f *** a comparison between the 

Sselao?* beloS 4^® addition of the BLACK HAWK 

i2* ^2? ^2 HAWK rotor out of ground effect are made 

nh ni fry^®® *?* for a tip Haeh number of 0.6. Figure Cl 
shows tte comparison on a C^/sigma - c^sigma basis and Fioure C2 
shows it on a Figure of Metit - C^/siSfena basis 

ca^hovifl^ f®®^ configuration. Figure 

mij be presenter 

laiS Siw f® PJ^Ofieftt on the fuse- 

iJ2®*.U^ JSP ^2. of rotor thrust being felt as a download at 

the ^® ^otor thrusts. The form of 

diawniBional download with thrust is shown in 

of^e ^2h-fiSi2.“2”ii2®®£^ of ^e download variation is a result 

distribution with increasing collective 
and is typical of the result for high twist rotors. 

J?2 recovery measured on the rotor at the two other teat 

SSaJ?fh*M?^?£®4.t2^/?*y®2 f® «^**®ilsrly virtually indis- 

C6*'^ plots of Figures CS and 

M Figure of Merit scales of 

2ris.^.,.€vsa.nbd 
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In Cll^ C12 snd C13 vlisr6 "tlM conbinod robor And ^usaIaqa 

results ^e cooq;>ared to the isolated rotor results for the three 
test tip Mach nund»ers. 

When going into ground effect the influence of the fuselage 
changes. Fig^es C14 and CIS coaqpare the isolated rotor and rotor 
in presence of fuselage at a Z/R of»1.2. the c^/sig»a - CVsigaa 
comparison of Figure cie does not show any tt&ust recovH^ ef- 

ei^anded Figure of Merit plot ofXgure 
CIS a snail (0.6%) thrust recovery is ^parent at nid ranee 

diminishes to sero at*^e higher cT/siSS 
(.10 «&d ^we). Conplsmenting this rotor improvanent tie down* 

(Figure C16) is significantly lower than that 
maximum download is 3% at low thrust O.S% 
dimensional download variation with 
thrust (Figwe C17Lthe previously demonstrated non-linear trends 
are repealed with even a negative slope at the higher thrust 
combined effect of the fuselage coiig;>ared to the 
eguivalent isolated rotor results are shown in Figure CIS. 

ground effect test condition (Z/K = 0.78) the 
effects of lAe fuselage on the rotor performance can again pri- 
marily detected on the expanded scale Figure of Merit ccwnpari- 
C20 rather than the c^/sigma - cyeigma coi^arison 
of Figure C19. This time however, ^e effect St the fuselage is 
TO rediwe tte rotor performance (again by approximately 0.6%) al- 
though the impact applies throughout the thrust range. To a large 
extent compensating for this loss of rotor performance, the 
2“ < Figure C21) is actSially an upload 

(excwt at ^e lower thrust levels). The actual dimensional 
download vwiation with thrust is shown in Figure C22. Se 

f2?iS!l.®/^®£?® ®^„S5® compared to the isolated rotor 

2f J*^® variation of the % fuselage download 
with ground effect is shown in Figure C24 for 2 rotor thrust 

shows geMrally similar effects due to the intro- 
^iow it as were previously discussed for 
the BIACK «>tor. Figures C25 and C26 show the out of ground 
effect resul^ for the rotor performance with and without ^fuse- 
iJ®®*- ^® rotor the thrust recovery on the rotor due to 

Sil* ^2K^®5f ^®^ if«g«r than that measured on the BLACK MAWR. in 
£®®^i?® increase is such as to even be noticed on the 

“ ®«/®i?®® coflparison of Figure C2S. The expanded Figure 

of Merit coilparison of Figure C26 shows that the thrust recovery 

is a maximum (2.5%) at low to moderate thrust levels and even- 
tually washes out at c^/sigmas of o.l and above, in addition, the 
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^ojjnload (Figure C27) was found to be less severe with 

alii? antfatSSi VL ^1? * Considerable hysteresis is 

Si22iftiJ*5?5K is actual variation of dimensional 

lower blade^tw^5?‘®if C26 and, reflecting the 

rn?SS ^ilS?K 4 ^**S ^?® rotor compared to the BLACK HAWK 

co^ined inform download characteristic. «»e 

^en operating in ground effect at a z/R of 1.2 the effect of the 

fSSi;?!./* ^^9"** «0 “9 MlT jSStn ttSf Su^? 

augmentation is apparent even in the C<./sigma - CVsigma plot of 
fijnre C31 shows that ^the maximifln augmentation 

/ 2?1 - j ,^® thrust levels. The fuselage download 

wSSyiS^ iJ^®i“- ?5®5S S® »25% at the highest thrust levels. This 

XSSifSiS*^ if dimensional terms (Figure C33) Se 

for'tht^aflSS^JJ^^ 4 .^“®^t 2 ®^“® rotor thrust just as it did 
Mti.iSf 5iSff rotor (Figure c-17). This trend is due to the 
armind^ ef ^*S?^® POSitive to negative with increasing 

with^ thrust ^ download variation 

Sir” rnrust. ThB confined fuselage effects are shown in Fioure 

C34 and coa^ared to the isolated rotor performance. 

S-76 rotor at the lowest z/R of 0.78 are shown 

*?!? »** 8“« BtMK rotor in cSSa?to!S 

J^otor still shows thrust recovery avail- 
fact, increasing recovery with increasing thrust - 
ll recovery of 0.8%. The corresponding download 

SwS? in Figure C37. Except at the lowest 

is actually an upload which amounts to 
thrust. The dimensional variation of 
thrust is shown in Figure C38. The combined 
J^® are shown in Figure C39 compared to the 

5®J®^ results. The variation in % download with wheel 
height for 2 represiMStative thrust levels is shown in Figure C40* 

Sstead^of^iSSiJSfti-^thi^fff?^^ below ^e High Solidity rotor, 
C 42 indi^f • fsii*'®- efficiency of the rotor Figures C41 and 

* performance loss occurs (negative thrust 
recovery). The loss of thrust occurs at C^/sigmas above 04 and 
increases to a maximum of 1.8% at the highest 5^st^^^ 

rStor^and^^^nuf^-^**^®^^® C43) reflects the reduced twist of tSs 
52^®4. download of from 3% at low thrust 

levels to 1.8% at high thrust levels. The dimensional form of the 
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download if shown in figure C44. The confined effects of the 
fuselage conqpared to the isolated rotor results are shown in 
Figure C45. 

At a Z/R of 1*2 the fuselage effect (Figures C46 and C47) is basi- 
cally an extension of the 06S result with negative thrust recovery 
above a C^sigma of .OS with a maximum value of 1.0% at high 
thrust. The big difference is seen on the fuselage download 
(Figure C48). Here the download is close to sero throughout the 
thrust range - although the basic tendency is for the load to be 
negative (a fuselage upload). The combined effects of the fuse- 
lage conqpared to the isolated rotor results are shown in Figure 
C49* 

The low Z/R (0.7d) data taken to obtain the High Solidity rotor*s 
effect due to fuselage Interference is shown in Figures C50 and 
C51. A further extension of the previous trend results in no 
thrust recovery evident below a C^/sigma of .05 and a maximum 
negative thrust recovery of .5% at Maximum thrust. The download 
on the fuselage (Figure C52) is now fully negative (upload) and 
almost at a constant percentage with thrust. The combined effects 
of the fuselage are shown in Figure C53 oonqpared to the isolated 
rotor results. The variation of download with Z/R for 2 repre- 
sentative thrust levels is shown in Figure C54. 

The effect of installing a fuselage below the H-34 rotor OGE is 
shown in Figure CSS and C56 and shows a very similar trend to the 
previous^ similarly configured, High Solidity rotor. Mo signi- 
ficant thrust recovery is apparent below a C^/sigma of 0.05. At 
higher thrust levels a negative thrust recove:^ is recorded with a 
maximum value of 0.6%. The download recorded on the fuselage 
(Figure C57) showed minor variation with thrust, with 2% at low 
thrust and li|% at hi^ thrust. The combined effects of the fuse- 
lage are shown in Figure CSS compared to the isolated rotor 
results. 

At the low Z/R setting of 0.7S the fuselage effect on the R-34 
rotor is shown in Figures C59 and C60. Again similar trends are 
apparent with negative thrust recovery above C 4 ./sigmas of 0.04, 
with a maximum thrust loss at full thrust of 1.^. The fuselage % 
download (Figure C61) is negative (up load) at this condition and 
is essentially independent of rotor thrust at .75%. The combined 
effect of the fuselage is shewn in Figure C62 compared to the 
isolated rotor results. 
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Just ai th« variation with |>ow«r at the ratio was 

geaeratad for isolated rotors (Figure A20), the ratio of^SW._/ 
(initially without the tail rotor effects) as a funetioh^f 
shown in Figure C63 for all rotor systeihs and Z/ft*s. At the 
higher Z/tL, the rotors exhibit sinilar minimal augmentation drift 
with thrust variation as was shown in their isolated state. At 
the lower Z/R slightly more drift is apparent especially on the 
S-76 rotor where, unlike all other isolated or with fuselage 
conditions, the iiig>act of increasing main rotor thrust is to 
inqprove the augmentation. In all other low Z/Bl configurations the 
inq|)act of increasing thrust is to reduce the augsentation. 

The variation of the ground effect augmentation {^iob/^obr^ 

Z/R at a representative power level for the BLACirnSAWK^retor is 
shown in Figure C64. Similar results for the 9-76 and High 
Solidity rotors are shown in Figures C65 and C66 respectively. 

Work by Bayden (Reference (12)) had previously concluded that 
presenting ground effect thrust augmentations on a (GWtQ«/ 
GW_«)d ^2 against (D/Z)^ basis results in a linear relationship. 
The^ayden form of these test results are shown in Figure C67. 

Also shown in this figure are the results of the previous test 
conducted at Sikorsky using the same S-76 rotor as used here, an 
S-76 fuselage and a platform to allow simulation of lower 2/R 
conditions than were possible in this test. Excellent correlation 
between the results of this test and the results of the previous 
test confirms that the effects of the enclosure and the exact 
nature of the fuselage used under the rotor have a minor iiqpact on 
the overall result. The shape of the results for all rotors in 
this test (and the previous test) is significant when conqpared to 
the results of the Hayden study. 

The other information available from this phase of the test 
results from the ccmqparison between the combined rotor and fuse- 
lage performance and the isolated rotor performance. The compari- 
son involves the sum total of the rotor thrust recovery and 
fuselage download. These effects are normally luaq^ed together and 
called "vertical drag". Traditionally vertical drag is handled as 
a percentage of rotor thrust and is independent of the thrust 
level employed. Figure C66 presents the variation of the OOE 
"vertical drag" measured in this test (without the tail rotor 
effects) as a function of rotor torque for the 4 test rotors. The 
only rotor that shows anything close to a constant vertical drag 
is the H-34 rotor. The S-76 and Bigh Solidity rotors both experi- 
ence an increase in vertical drag with increasing rotor thrust 
whereas the BLACK HAWK rotor experiences a decrease with increas- 
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Ing thrust. When operating in ground effect at a Z/ft of 1.2 
(Figure C69) the same basic trends are apparent although the 
magnitude of the changes and the base value are all much smaller, 
zn fact, the low thrust condition for the S-76 and High Solidity 
rotors show a negative vertical drag condition. At the Z/R of 
0.78 (Figure C70) the negative vertical drag condition now becomes 
the normal with only the H*34 rotor still being positive. 
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Figure C-70. System Vertical Drag, Z/R • 0*78 
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ThlL ROTOR & roSBLAQE 

rotor affects the 

. Von'*«“£toT eio^ST t!. 

dua^te S* aSuti^°af «S?*A rotor parforaanoa changas 

rau-Sfu^riTmTSSSt!’'’ O-taraipod^aSSHiSSl^'in^lSroSS: 

a fuselage beside a tractor tall rotor with 
location and separation is shown in 
«V 4^tP^\ effect of the fuselage is to increase the overall 

'‘P » makimum of d.C^^t mid rS2e. 

Inc£^6a8in9 tihe tiall rotter aaparation (Flcfura D 2 i inf^rMAftAe 
thrust iaprovaaent due to tha fuselage to « at “id ^st tan^ 

with the introduction of 
J?Saa .Jfi®?® Similar results to increasing the seoara- 

thrust ^K® performance by up to 9% at^d 

tail rotor separation when canted (figure 

^sn i^ fuselage's influence such that a 

^id to high?touS'^™Sl*^-“^^^ “ « throutfiout 

Wh^ ^e tractor tail rotor is located in its low Doaii-'iAn 
of ^^215 increased separation (Figure DS), the effect 

1 ®^9*ii^icant throughout the thrust range and 

SeS^Sn^ai^^i a^%®Uf ff 

me fuselage results in an increase of tail rotor thrust uo to a 

^^iSghest^tSSt^^iaiii^^® thmst increase is evident at 

SSiatid previously noted that in the 

isolated condition the tail rotor was up to 6^ more effective in 

^e pusher mode (Figure B4). With the fuselw presSn?^^ 
models iX-2S5ai2®^t®®® ^otor thrust in tractor mode, the pusher 
and saro^“l22 ttosMpISSa*??)* ””” 

<*• Ph'h" «««• i» incraasad 
eornSnSd*^!' fuselage is virtually unchanged 
con^ared to the standard separation results , with up to 4 % in- 
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crease of thrust at the high thrust levels. This means that when 
comparing the pusher and tractor modes with the increased separa- 
tion (Figure D9), the results are almost identical to those 
obtained for the standard separation (Figure D7). 

When located in the low position, the pusher tail rotor (Figure 
D-lO) experiences a 12% thrust loss due to the efffects of the 
fuselage, well below the 33-35% thrust loss experienced as a 
tractor. As a result, the pusher tail rotor has up to 38% more 
thrust capability in the low installed position than the equiv- 
alent tractor tail rotor (Figure 0-11). 
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HAIH ftOCOR & TAIL ftOtOR 

When operating the BLACK HAWK main rotor, without fuselage, but 
with the tail rotor, the nain rotor experiences varying degrees of 
interference* Figures fil and £2 cosq^are the main rotor perfor- 
rncmces isolated and with tail rotor operating in the tractor mode, 
with standard location and separation. The loss of main rotor 
thrust due to the interference effects of the tail rotor is close 
to constant throughout the thrust range and amounts to approxi- 
mately 2*7%. The actual variation in thrust lose with power for 
this and the other tail rotor locations will be pres«ated (in 
Figure £25) and discussed later* During the simultasM^ous opera- 
tion of the main rotor and tail rotor the torgue reguirements of 
the main rotor were balanced by adjusting the tail rotor thrust to 
suit* When comparing the isolated tail rotor performance and tail 
rotor performance in the presence of the main rotor (Figure £3) a 
difference in the tail rotor thrust range is apparent* This is 
only a result of the isolated tail rotor being tested over a more 
extensive range to ensure confidence in the region of greatest 
interest* In the common range, the results of Figure £3 indicate 
that just as the tail rotor interferes with the main rotor, the 
main rotor interferes with the tail rotor and causes an 18% thrust 
loss* 

When operating in ground effect at the low Z/R value of 0*78 the 
degrading effect of the tail rotor on the main rotor can be seen 
in Figures £4 and £5* These show a larger interference effect due 
to the tail rotor compared to the out-of-ground effect condition 
at low thrust levels, but very similar effects at high thrust 
levels* Again the actual details of the effects of tail rotor 
location on the in ground effect interference will be presented 
and discussed later* 

Just as the main rotor experienced more interference from the tail 
rotor IG8B, so the tail rotor experiences more interference from 
the main rotor, now experiencing 25% loss of thrust I(^ (Figure 
£ 6 ). 

When the tail rotor separation is increased (while holding to the 
tractor mode and standard location) the impact on the main rotor 
interference is essentially unchanged both out of ground effect. 
Figures £7 and £8, and in ground effect, Figures £10 and £11* 
similarly the effect of the main rotor on the OdS tail rotor 
performance is unchanged (Figure £9) with the change in the 
apparent interference of Figure £9 primarily being due to the 
changes in the baseline isolated performance* in ground effect 
(Figure £12) the degrading effect of the main rotor on the tail 
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*“* regultlng in a 12* loaa of 

interference efficts of the tail 

W--K 

?Sl5r*tlSr 

^••yntarf.renca from' tji maS^StirSlth 

^ 3S^sis.is.m^ ssr jrsiM 

E16 and Eirf* although the re^lar location (Figures 

liL i«i^ALL?i thrust the interference is onlv S? 

due to r^?or^iitS^^^' tfaflrU 

BLHa?u/4°'^^^ ®®t^®*t Sle 

iSf liSnce^Sf® ^S®Sis°ie^p ^e*out o'f^o^d effect 

eiideSt? wi4° ch^gilSriH^ e”f fecf^'il 
lntaJ?L^™ thrust level, with at all thrust levels less 

than was exj^erienced in the standard location At 
S2\ft^«aUon'^althoLh“^?'/i?""f^^ «?P««>t than even" with 

Sil Show* tli ou“if Itound effSot 

SSwir **>* “i” «*»* « • function of rotor 

p^er for all of the tractor tail rotor locationa taitUfi SJff 

«“ *«i«t”on Of nain'^^ 

ficura and included for comariaon in this 

Rotor* 2^ preliminary Sikorsky Main Rotor/Tail 

r2J22 interference test conducted on a 1/12 th scale BtACK^HAWk 
rotor. Good general agreement with the results of the eur^ni- 

!s<..r.?wua a-u wjfjs 

SrTSS;, - “ a‘‘.s}S4re“sr js 
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When operating in ground effect , the Influence of the low tail 
rotor on the main rotor (Figuree E22 and E23) ia very sinilar to 
that seen for all tail rotor locations XOE, and is similar in 
trend to the low tail rotor results OGE, with the only difference 
being that ICX the interference due to the low tail rotor is 
greater than when CX3E. These and all trends for the effects of 
tail rotor interference (for all of the configurations tested) in 
the IGB condition, are shown in Figure E2$, 

The inq;>act of the main rotor on the low tail rotor performance IGB 
is shown in Figure E24 and shows an almost identical trend to the 
OCSE condition with a very small thrust loss varyitm from zero at 
low thrust to.2i|^ at high thrust. 
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Figure E-27. BLACK HAWK Rotor and Tractor Tail Rotor, 
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APgENDIX F 


MAIN ROTOR ft TAIL ROfOR & FUSELAGE 
BLACK HAWK Main Rotor 

The primary main rotor used in the full configuration testing was 
the BLACK HAWK rotor » Figure PI presents the out of ground effect 
main rotor performance for the isolated BLACK HAWK rotor and the 
corresponding BLACK HAWK rotor performance in the presence of the 
fuselage and a tractor tail rotor with zero cant, mounted at the 
standard location with standard separation. The thrust loss 
experienced by the main rotor due to the interference effects of 
the fuselage and tail rotor is essentially independent of thrust 
level, and amounts to approximately a 2 ^^ thrust loss. This 
thrust loss is approximately 0.2% lower than that recorded without 
the fuselage (Figure E25). When the download on the fuselge is 
also added into the picture, the system rotor performance (Figure 
F2) now exhibits an essentially constant thrust loss (of 6.6%) 
coiQ>ared to the isolated rotor performance. 

The total impact of the addition of the fuselage and main rotor on 
the tail rotor performance is shown in Figure P3. A loss of tail 
rotor thrust of an approximately constant 16% is evident due to 
the interferences of the fuselage and main rotor. 

At a representative power level, the losses of thrust (or system 
performance) due to the various interferences involved between an 
OGB BLACK HAWK rotor, BLACK HAWK fuselage and a tractor tail rotor 
without cant with standard location and separation when compared 
to the isolated rotor performance are shown in Table PI. 

The interference effects experienced by the main rotor all fall 
together and show consistent trends. For example the total 
vertical drag of the fuselage is imaffected by the added tail 
rotor interference (3.7% without tail rotor - 3.9% with). Also 
the combined interference effect of the tail rotor and fuselage is 
less than the sum of their individual interferences by approxi- 
mately 0.2%, for both the rotor and system performance levels. 

The interference effects measured on the tail rotor are similarly 
consistent with a 4% decrease in performance due to the addition 
of the fuselage, an 18% decrease in performance due to the addi- 
tion of the main rotor and a 16% decrease in performance due to 
the dual additon of the main rotor and fuselage. 

As the BLACK HAWK rotor is the primary rotor configuration, unlike 
the other rotors, the BLACK HAWK rotor was tested OOE at the 3 tip 
Mach numbers tested in isolation, in addition, tail rotor Mach 
number sweeps were also conducted, with fixed main rotor tip Mach 
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nu^er. The main rotor Hach nxiinber trends are shoen in Figure F4 
and show identical Mach number trends to those for the Isolated 
rotor (Figure Al). Identical results are--shown in_ Figure F5 for 
the system performance. 

Figure F6 presents the variation in the constant Mach number tail 
rotor performance with main rotor tip Mach number. Essentially 
identical performance is shown. 

The effect on the constant main rotor tip Mach number hover 
performance due to variations in the tail rotor- tip Mach number is 
shown in Figure F7. The ing>act of variation in tail rotor Mach 
number on the muin rotor hover performance is insignificant. 

Similarly the variation in tail rotor performance with Mach number 
in the presence of the main rotor and fuselage (shown in Figure 
F8) is minimal. This is in contrast to the isolated tail rotor 
Mach number trends (Figure Bl) which were inconclusive. 

When operating in ground effect (a/R * 0.78) the interference 
effects of the tail rotor emd fuselage on the main rotor perform- 
ance are shown in Figure F9. The loss of thrust is greatest at 
low thrust levels and reduces progressively with increasing thrust 
to a minimum thrust loss of 1.2%. When the download on the 
fuselage is also incorporated (system hover performance of Figure 
FIO) a larger loss of performance is apparent, but again a reduc- 
tion with increasing thrust occurs with the minimum thrust loss 
being 1.8%. 

The interference effects of the main rotor and fuselage on the 
tail rotor performance are shown in Figure Fll. The main rotor 
and fuselage have the effect of reducing the tail rotor thrust by 
up to 23% compared to the isolated rotor performance. 

At a representative power level, the losses of system or rotor 
thrust, in ground effect, due to the various interferences between 
a BLACK HAWK rotor, BLACK HAWK fuselage and a tractor tail rotor 
with sero cant at the standard BLACK HAWK location and separation 
are shown in Table F2. 

Unlike OGE, the IGE interferences experienced by the main rotor do 
not fall together and show consistent trends. For example the 
fuselage download experienced without the tail rotor is actually a 
0.8% upload Whereas with the tail rotor an actual download of 0.7% 
is apparent. Also the combined effects of the individual inter- 
ferences do not approximate the interference of the tail rotor and 
fuselage combination. At least the tail rotor interferences 
showed similai trends IGE to those OGE. 
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tail rotor saparation had minor additional inuaet 
interference (Figure P12) as could be 
isolated rotor results* Similarly* the 
SiS® the*' i"^«*^^«tence (Figure F13) was minimal, 
rotor ^fferenS? ^ apparent shift being due to isolated 

Moving into ground effect with the increased tail rotor separa- 
ainilar trends for interference are shown (Figure F14) for 
the main rotor hover performance as were recorded for the standard 

thf difference is a smaller variation of inter- 
ference over the thrust range. 

The increased separation does increase the interference exper- 

slightly (Figure F15). The maximum SSust 
loss experienced was increased by 9.5%. «*x«.uia wurusi; 

operation of the main and 
JJi kJL 4 ^? 4 .^ without the fuselage) noticeably increased 

data scatter recorded by the main rotor. Increasing the 

eantinS®^>i f??f^®H®“ *^®duced this Scatter, whereas 

canting the tail rotor virtually removed all tail rotor induced 

SCa u w6Z* • 

first configuration employing ma<n rotor, 

f2S?i tiJutr 5®^®^ ®^® ®^°^^ Figure F16. 

?H®^/ 1 «^® 4 . ^^®®^ ®*^d the tractor tail rotor is 

in its st^dard location with standard separation « Fioure F16 

'** isolatad OOE configuration 
and tail rotor configuration. 
•. “t«»'f“enoe is experienced by the main rotor 

(Figure FI). This reduction in interference is also apparent in 

3^Siifif^SS.a^®^®fd.f®^^??5f'^®® does not even 

^®®iw contribution available from the tail 

contribution for a canted tail rotor can 
.-S?S cw/sigma calculation, but to be completely 
iif *4 power reguired must also be 

which also requires the tail rotor power contribution 
for ^ test configurations be included. This exercise can be 

IS2S3^®?d.®“^ H^i2^dr^®a.2?^ necessary to do is included in this 
^^^*..2! /^®^^ ^®a5 Appendix, however, that the relative 
® * c^t/no cant tail rotors on an overall systcmt basis 
should not bv discussed, only the impact on the main rotor/tail 
22i®l ®f tail rotor cant. The exercise of including 

SS and lift contribution has been undertaken 

for representative power levels and is included in the summary 
section of this report. 


2S6 


APPENDIX. 


Mhen operating with tail rotor cant, the correct horizontal thrust 
component neceoeary for main rotor torque balance was monitored 
not on the tail balance but on the fuselage yawing moment balance 
as used for all test configurations. 

The impact of the addition of the main rotor and fuselage on the 
performance of the canted tractor tail rotor is shown in Figure 
FIO. Here their adverse impact can be readily seen with an 14% 
loss of tail rotor thrust at typical power levels, compared to the 
isolated tail rotor. 

The effect on the main rotor performance of operating IGE with the 
tail rotor canted at 20^ is shown in Figure F19. As was demon- 
strated OGE, canting the tall rotor significantly reduces the 
interference effect of the tail rotor on the main rotor. In fact, 
at the higher thrust levels, the interference almost diminishes to 
zero. Similarly the effect of canting the tail rotor on the 
system hover performance (Figure F20) is to reduce the inter- 
ference effects of the tail rotor although the degree of inq^rove- 
ment is not as. large as for the main rotor thrust. 

The interference effects of the main rotor and fuselage on the IGE 
performance of the canted tail rotor are shown in Figure F21. The 
interference is slightly more severe than that ejtperienced OGE 
with approximately 17% loss of thrust at constant power at typical 
thrust levels. 

When testing the main and tail rotor alone (without the fuselage), 
increasing the main rotor/tail rotor separation, (by moving the 
tail rotor aft), noticeably reduced the mutual interference. When 
introducing the fuselage, the improvement in the main rotor thrust 
(Figure F22) compared to the standard location is still evident 
and is essentially of the same magnitude ()$ - depending on 
thrust level), similar results for the impact cn the system hover 
performance are shown in Figure F23. 

At the aft tail rotor location the impact on the tail rotor 
performance of the main rotor and fttselage is shown in Figure F24. 
Unlike as was sho%m in the isolated main rotor/tail rotor segment 
(Figure BIS) in this location the tail rotor experiences a per- 
formance loss compared to the standard location. The loss is not 
as dramatic as the 7% gain shown without the fuselage but still 
constitutes up to a 6% loss in thrust at constant power. 

When operating in ground effect with the tail rotor in the aft 
location, the main rotor (Figure F25) experienced approximately 
0.4% less interference throughout the l^rust range conquered to the 
interference with the tail rotor in the standard location. This 


y . 

reduction is notio«al}ly iois then th«t •xiioc'ienoed 
OOB oBpoeially at the higher thruet leveie. At the eyatem hover 
periomanee level the ohange in interierenoe due to moving tile 
tail rotor aft (Figure P26) variea from an inoreaae in interfer- 
ence at low thruat levele to a alight (0.4%) reduction in inter- 
ference at the high thruat levela. 


The Impact on the tail rotor performance of the XOfi addition of 
the main rotor and fuaelage la ahown in Figure F27« and correa- 
ponda to a thruat increaae of 38% compared to the atandard tail 
rotor location performance. This reault, like the OOE trend, la 
down from the equivalent 5% thruat inoreaae meaaured on the tall 
rotor due to the IGB main rotor without fuaelage. 

Unlike previoua reaulta, at the aft tail rotor location, in- 
creaaing the tail rotor eeparation from the pylon does ohange the 
interference felt by an OOB rotor due to the influence of the tail 
rotor and fuselage. (The condition of increaaed separation at the 
aft tail rotor location wae not tested with the main and tail 
rotors without fuselage). The main rotor thruat (Figure F28) sees 
a 2)| - 2% increase in thrust due to the increased tail rotor 
separation. In terms of system hover performance (Fixture F28) the 
increased thrust ranges from 3 to 1% through the thrust range. 

The improvements in main rotor thrust in fact, are such as to give 
better main rotor performance in presence of the tail rotor and 
fuselage than for the isolated main rotor. Naturally, when the 
effects of the download on the fuselage are included, the system 
hover performance is below that for the isolated main rotor, but 
the combination of aft tail rotor with increased separation does 
give the best OGB system hover performance for the BLACK HAWK 
rotor and fuselage with tractor tail rotor. 


The Impact of the increase in separation on the tail rotor per- 
formance Itself is shown in Figure F30. Virtually no increase in 
thrust compared to the standard eeparation tail rotor performance 
was evident. 


The Ingiroved main rotor thrust condition demonstrated OQB when 
increasing the tail rotor/pylon separation distance at the aft 
tail rotor location, is still evident in ground effect (Figure 
F31), although the improvement is smaller at i to When 

investigated in terms of the system hover performance (figure 
F32), a similar consistent increase is still apparent. OGB the 
increase in tail rotor separation effectively did not improve the 
tall rotor thrust, similarly, in ground effect the same change 
(Figure F33) has the same minimal impact. 
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AXvh{)ugh the thrust and system hover performance io^roved with 
iuicreased tail rotor separation, unlike the oofi condition, in 
ground effect this configuration did not give the best lOE hover 
^rformance. This honor was reserved for the tail rotor configu- 
ration of aft location, standard separation with 20* cant. 
Although a good configuration out of ground effect, this tail 
rotor setup was not the best. None the less, canting the tail 
rotor did increase the main rotor performance particularly at the 
lower thrust levels (Figure F34). At the high thrust levels the 
main rotor thrust in^rovement was guite small (0.2%) while on a 
system hover performance basis (Figure F35) at the high thrust 
levels no improvement are evident although a 1)^ improvement was 
still available at lower thrust levels. 

The interference effects of the main rotor and fuselage on the 
tail rotor are shown in Figure F36, and reveal an 11% thrust loss 
coijtpared to the isolated tail rotor. Iliis thrust lose is 3% less 
tlisn the 14% thrust loss experienced when a 20* canted tail rotor 
is located in its standard position. 

Moving into ground effect the benefits of this configuration now 
come to the fore. Figure F37 shows the improvement in main rotor 
thrust available from canting the tail rotor 20*. The increases 
range from 2% at low thrust to 1% at high thrust. This configura- 
tion was the only one tested where the IGE main rotor thrust in 
the presence of the tail rotor and fuselage was higher than for 
uie isolated rotor. Even the increase was only apparent at the 
higher thrust levels with up to 2% of thrust loss, compared to the 
isolated rotor, being measured at the lower thrust levels. With 
thr. added effect of the fuselage download (Figure F38) the im- 
provements in performance due to tail rotor cant increase by 
approximately ^ throughout the thrust range with the system hover 
performance now only topping the isolated rotor performance at the 
extreme thrust levels. 

The tail rotor performance 1(^ (Figure F39) shows an 18% loss of 
thrust compared to the isolated tail rotor performance. This loss 
is 7% more than that experienced OGE and is the same trend and 
comparable magnitude to the influence of IGE on canted tail rotor 
performance when in the standard location (figure F21). 

The final tail rotor location investigated with the tractor tail 
rotor was the low position which reguired the increased separation 
to Clear the fuselage, and did not allow any cant angle. The 
influence of this tail rotor set up on the OGE main rotor per- 
formance is shown in Figure F40. Compared to the rotor per- 
formance with the tail rotor in the standard position the final 
tall rotor location gives fractionally better performance (2% on 
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thrust at low thrust levels) but essentially identiesl performance 
at the hi^h thrust levels. Adding in the influences- of the 
fuselaM download, shifts the system hover performance (Pigure 
F41) of this tail rotor configuration down slightly such that at 
low thrust levels the thrust gains are now 1.7% while at the 
higher thrust levels this configuration now comes out worse than 
the standard tail rotor by 0.8% on thrust. 

7 tie tail rotor itself (Figure F42) experiences a 36% loss of 
thrust conquered to the isolated- tail rotor performance due to the 
effects of the main rotor and fuselage. Testing the tail rotor 
with- the fuselage alone showed approximately a- 35% loss of thrust 
(Figure D5) and testing the tail rotor with the main rotor alone 
showed approximately 3% thrust loss at representative thrust 
levels. Hence, the total interference effect buildup in this case 
is systematic, and the total- performance of the tail rotor in this 
location is very similar to that for the tail rotor in its stan- 
dard location. 

Moving into ground effect with the low tail rotor generally 
increases the interference of the tail rotor on the main rotor. 
In Figure F43 the main rotor thrust with the low tail rotor 
position is comparable to the thrust with the tail rotor in the 
standard position at low thrust levels, but 1% lower at the high 
thrust levels, vrhen the influences of the fuselage download are 
added in (Figure F44), the system hover performance with the low 
tail rotor now runs consistently lower than that for the standard 
tail rotor location, 1% lower at low thrust and VjX low at high 
thrust. 

Meanwhile the tail rotor (Figure F45) exhibits an identical 36% 
thrust loss lOE as it experienced OGE when compared to the iso- 
lated rotor performance, and again almost identical performance to 
that obtained from the tail rotor in the standard location. 

Vfhen operating the tail rotor in the pusher mode with the fuse- 
lage, the BLACK HAWK main rotor (Figure F46) experienced frac- 
tionally more interference at low thrust levels and fractionally 
less interference at high thrust levels, but in neither case was 
the interference variation significant. 

When the effects of the fuselage download are also added into the 
picture, even these small interference variations with thrust are 
removed (Figure F47) making virtually no difference, from the main 
rotor and fuselage standpoint between pusher and tractor tail 
rotors. However, the tail rotor itself (Figure F46) shows a 
significant (18%) OCE performance in^rovement when operating in 
the pusher mode compared to the tractor mode. 
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Koving into ground effect with the pusher tsil rotor, the main 
rotor (Figure F49) eiffieriences 3/4% to 2% more interference than 
the equivalent runs with the tractor tail rotor. As the fuselage 
download was essentially the same for both tail rotor senses, the 
system hover performance (Figure FSO) shows similar increments. 
Meanwhile the tail- rotor again experiences better performance 
(Figure F51) than the eg^uivalent tractor configuration with a 
virtually identical 17% improvement in performance to that ob- 
tained OGE. 

AS occurred with the tractor tail rotor, moving the pusher tail 
rotor aft reduced the main rotor interference (Figure F52) by from 
1-1/2% to 3/4% through the thrust range, virtually identical to 
the interference reductions experienced when moving the tractor 
tail rotor aft. These improvements were again carried over into 
the system performance inprov^ents (Figure F53). 

At the aft location, the tractor tail rotor experienced less 
interference from the main rotor, while in this case (Figure F54) 
the tail rotor recorded better performance th«m even the isolated 
tail rotor experienced. Iftien testing without the fuselage, but 
with the main rotor, moving the tractor tail rotor aft (Figure 
E-15) did give performance better than for the isolated tail 
rotor. In the tractor mode, the further addition of the fuselage 
degraded the tail rotor performance sufficiently to give an 
overall thrust loss in the aft location. With the inherently more 
efficient pusher tail rotor configuration, the performance gain 
still exists with the fuselage present. 

in ground effect, this tail rotor setup yields 2*^ less main rotor 
interference (Figure F5S) than experienced in the standard loca- 
tion. This reduction of interference is apparent throughout the 
thrust range and is a greater reduction than occurred when the 
tail rotor move was made OGE. 

When the download effect of the fuselage is added into the picture 
(Figure F56), the aft tail rotor position now reveals a 3«a% system 
hover improveiiiHsnt over the standard tail rotor location. Sim- 
ilarly, the tail rotor itself has improved performance (Figure 
F57> to give essentially identical performance to that for the 
isolated pusher tail rotor. 

The final tail rotor location tested with the fuselage and BLACK 
MAWK main rotor was with the low pusher tail rotor and increases 
separation. The main rotor in this situation (Figure F58) re- 
corded approximately «^% less tail rotor interference throughout 
the thrust range compared to that with the standard location. 
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Aaain, the additloh of the fuselage download tesulted in a systp 
hover performance (Figure F59) that wai up to 2% better ^ the 
high thrust levels than the eguivalent system performance with the 
pusher tail rotor in the standard. location* 

With the tall rotor in this locationi somewhat more interference 
is apparent due primarily due to fiVpylon blockage. 22% thrust 
loss occurs with the tail rotor in this location compared to the 
Isolated tail rotor (Figure F60). 

When operating the main rotor in ground effect with 
rotor configuration, significantly less interference (3/4-2ij%), 
due to the fuselage and tail rotor is apparent cospared to the 
standard location (Figure F61). An additional 1% improvement 
compared to the standard location is also realised wh^ ^ 
fuselage download effects are added (Figure F62). A very si^lar 
21% thrust loss occurs on the tail rotor itself (Figure F63) due 
to the main rotor and fuselage interferences as occxirred OCX. 
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S-76 Main Rotor 


teeUng„„invoXvina the 3 remaining main rotors (the 
S-76, High. Solidity and H-34 rotors) at the standard maim rotor 
position, consisted of teste with the BLACK HAWK fuselage in and 
out of ground effect with the tail rotor at its standard location 
and separation without cant, in tractor and pusher modes. 


The results for the S-76 rotor, out of ground effect with tractor 
tail rotor are shown for the main rotor in Figure F64. A varying 
interference due to the tail rotor and fuselage on the main rotor 
throughout the thrust range can be seen with essentially no 
interference at low thrust levels and up to 1.5% thrust loss at 

« system hover performance basis (Figure 
F65 ) this translates into a 4% loss of thrust at low: thrust levels 
rising to 4.7% at high thrust reflecting the previously demon- 
strated reduction of fuselage download wit^ increasing thrust* 


itself (Figure F66) shows a 17% interference 
effects due to the main rotor and fuselage. This is very similar 
to the 20% interference experienced by the tail rotor when operat- 
ing, in the tractor mode, close to the BLACK HAWK rotor. 


Moving the S-76 rotor, fuselage and tractor tail rotor into ground 
effect now shows for the main rotor, (Figure F67), a loss of 
thrust con^ared to the isolated rotor of 2.1% at low thrust 
levels, reducing to a loss of 1.5% at the high thrust levels. 
Introducing the fuselage download effects (Figure F68) essentially 
increases the system hover loss by a further constant increment 
such that now 3% of system thrust is lost at low thrust levels 
compared to the isolated rotor. At the higher thrust levels this 
loss is down to 2.1%. Meanwhile, the tail rotor itself (Figure 
F69) experiences a 26% loss of thrust due to the influences of the 
main rotor and fuselage in this situation, which again c<xiipare8 
23% thrust loss experienced when close to the BLACK 

HAWK rotor. 


When the tail rotor is reconfigured in the pusher mode (the more 
noraal location for uncanted tail rotors) the influence of the 

fuselage on the CX3E main rotor performance (Figure 
F70) IS not significantly changed from that measured with the 
tractor tail rotor (Figure F64). Less variation in interference 
tJirough the thrust range exists With the pusher tail rotor with 
less thrust loss occurring at the higher thrust levels (0.7% loss 
compared to 1.5% with the tractor tail rotor). After adding in 
the varying % download experienced by the fuselage to give the 
system hover performance (Figure F71), the total variation in the 
interference due to the fuselage and either tail rotor mode. 
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throug^iottt the thruet ran^e, is small (O.S - 0.75%), With either 
rotor mode grivia^ the same 4.75% total system thrust loss 
compared to an isolated rotor, at thd ui^ier thrust levels. 


the tail rotor itself (figure P72) loses 16% of thrust due to the 
interference effects of the main rotor and fuselage compared to 
we isolated pusher tail rotor. Comparing the tail rotor per- 
formances in the presence of the main rotor and fuselage reveals 
that the pusher configuration is more efficient than the tractor 
configuration with varying % thrust improvements throughout ihe 
thrust range with a maximum improvement of 13% at fulL . thrust. 


Moving this configuration, into ground effect, as ha|M»ened with the 
tractor tail rotor configuration, caused a loss of main rotor 
thrust (Figure P73) compared to the isolated rotor configuration. 
The loss at the low thrust levels was fractionally higher for the 
pusher tail rotor than the tractor but the losses were an identi- 
cal 1.5% at the high thrust levels. Adding in the effects of the 

(Figure P74) slightly exaggerates this situation 
with 2% mtore system thrust loss for the pusher tail rotor than the 
tractor at low thrust, and a close to identical 2% system thrust 
loss at high thrust levels. 


situation, the tail rotor performance (Figure F75) shows a 
21% loss of thrust compared to the isolated tail rotor perform- 
ance. i^s translates into 12% more thrust available at given 
tail rotor power for the pusher tail rotor compared to the tractor 
tail rotor when both are in proximity to an um S-76 rotor with 
fuselage. 


Hence, with the S-76 rotor this test indicates that OC5E little 
difference between tractor or pusher tail rotors can be seen from 
a system hover performance basis (although the tractor configura- 
tion IS marginally better at low thrust levels). Meanwhile the 
pusher configuration does give a significant tail rotor perfotm- 
ance advantage compared to the tractor. 

In ground effect the results are no more clear cut, with the 
tractor tail rotor giving better low thrust system hover per- 
formance by (2%) but similar high thrust performance. Again, the 
pusher tail rotor configuration gives a tail rotor performance 
advantage. 
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High Solidity Main ttotar 

aaitt fotor OOB in the presence of 
^ interference effects felt 
^ ♦v- wain rotor (Figure F7h) snounted to thrust losses coimared 

®le ^ thrust to 2.8% at high 

effects of the fuselage download results in 
system hover performance levels (Figure F77) from 9% (at low 

WivaleS isolated 

5SrSJ ^®£J?f®®^®®* . environment the tail rotor itself 

thrust compared to the 
isolatod coi^ition, which is exactly comparable to the loseea 
experienced in presence of the BtACK ^WX a£l S-76 rotorsT 

ground effect causes the interference 
7lf2:i! *4%^* ?'*® ^,the tail rotor and fuselage 

ihiHSf ^ widely varying with thrust level. At low 

2lf?5^ ^*“^t increased slightly to 5% 

while at toe high thrust levels, the thrust loss fell to 1.5%? 
Including toe download effects on the fuselage to give the syst^ 
1-5® (Figure F80), ups the low thrust performance 

T ?! wA thrust while minimizing the high thrust loss to 

1.5%. Meanwhile, the tail rotor (Figure F81) appears to lose 33% 
of thrust compared to the isolated performance. Sis loss is only 
approximate, however, as this particular data run has signifi- 

in «y other tail rotor run, and has 
far more curvature to the curve fit. 


^en the tail rotor was flipped over to the pusher configuration, 
its impact, together with that for the fuselage, on the OGE main 
rotor perfom^ce (Figure F82) was to more uniformly reduce the 
j^rformance throughout the thrust range compared to the effects of 
the toactor tail rotor. At low thrust 2.8% loss of thrust was 

^ % t high thrust. Similarly when the 
effete of the fuselage download is included (Figure F83), the 

STSS thrust and S.3% at high 

condition (Figure F84) experienced 
® ^2% thrust loss cong>ared to the isolated performance as a result 
!£*. J ®“2 fuselage interference. The tail rotor 
performance levels in both the pusher and tractor modes for this 

S?5£^?Sf®^^®*i. ®^® similar to those seen with the S-76 rotor 
toact^*con£lgratiott^ yielding 19% more thrust than the 

configuration the main rotor 
(Figure F85), just as OOE, ej^rienced less variation in thrust 
loss throu^out the thrust range than with the tractor tail rotor 
configuration. At low thrust toe loss was 3.8% with 2.2% at high 


299 


AFgaiBIX F 

thrust. When the effect of the fuselage download is included, the 
resulting system hover performance (figure f86) still has lees 
variation than the equivalent tractor tail rotor results (vailing 
between S% thrust loss to 2<i% at high thrust levels). In this 
situation, the tail rotor (Figure P07) experienced a 21% loss of 
thrust collared to the isolated tail rotor. Com>aring the tail 
rotor performances tractor and pusher unfortunately in this lOB 
case is probably not meaningful due to the uncharactierstic 
scatter and trends of the tractor tail rotor results. 

Based on these test results, for the High Solidity rotor, OCffi, the 
pusher tail rotor configuration dctmonstxated worthwhile iiiq>rove- 
ments in the system hover performance over the tractor tail rotor 
configuration. At low thrust the iaq^rovement amounted to 3% 
although at high thrust the improvement was down to 0.3%. Also 
significant differences in tail rotor performance between the two 
tail rotor configurations were apparent. In ground effect, a 2% 
sh^t in the system hover performance trends results in the pusher 
tail rotor being superior (by 1%) at low thrust but inferior by 1% 
at high thrust. The effects on the tail rotors themselves were 
probably invalid, but it is likely the pusher configuration would 
still have proved superior. 

Hence, overall the pusher tail rotor configuration would be the 
choice for rotors of a type like the test High Solidity rotor. 

H-»34 Main Rotor 


The interference effects felt by the H*34 main rotor when operate 
ing OGS in the presence of the fuselage and tractor tail rotor are 
shown in Figure FS8. A close to constant interference is demon«» 
strated throughout the thrust range with actual interference 
losses in thrust amounting to 2% at low thrust and 1.7% at high 
thrust. After including the effects of fuselage download, the 
interference increases as does its variation with thrust. This is 
shown in Figure F89 where the system hover performance interfer- 
ence amounts to 3.3% at low thrust and 1.8% at high thrust. 
During this, the tail rotor (Figure F90) experienced a 26% thrust 
loss due to the influence of the main rotor and fuselage, again 
ccmqparable to the results for all of the previous main rotors. 

When in ground effect, the influence of the tail rotor and fuse- 
lage on the interferences experienced by the main rotor are shown 
in Figure F91. A nearly constant interference with thrust varia- 
tion is demonstrated with a 3.4% loss at low thntst and a 3% loss 
at high thrust. With fuselage download the loss of syst^ hover 
thrust (Figure F92) is again close to constant with thrust and 
average 2.8% thrust loss. In this situation the tail rotor itself 
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fuselage coitpared to that 
felt the tractor tail rotor (Figure F94) by fn>Bi 3% at low 

zero at hi^ thrust. The increased download 

252525** iSl ^otor significantly 

erroded the benefits of the pusher tail rotor from the system 

<^iSWre P9S), such that at the hJgher 
w2Ii lS!i*ill4.5*? configuration proved superior. As 

55;22i32..“?ol fuselage, resulted in the pusher tail 

thrust compared to the isolated perform- 
configuration virtually 
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washed out the advantages of that configuration at the systems 
^r formal^ level (Figure F98). tmexpeetedly, the tail rotor 
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CONFIGURATION 

ttfBKBtX F 

AN.R. AT.R. 

THRUST THRUST 

AFUSELAGB 

DOWNLOAD 

AMET 

FORCE 

MAIN ROTOR 

0 

» 

mum 

.• 

TAIL ROTOR 

— 

0 

mm 

•• 

MR ^ FUSELAGE 

0 

— 

3.7% 

-3.7% 

TR 4 FUSELAGE 

— 

-4.0% 

0 

-4.0% 

MR + TR 

-2.7% 

.-18% 

— 

-2.7% 

MR TR FUSELAGE 

-2.5% 

-16% 

3.9% 

-6.6% 


TABLE. PI.. BLACK HAWK NAIH ROTOR + TAIL ROTOR + FUSELAGE, 

OOE TRI.aST INCREMENTS 
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CONPIOURATION 

AM.R. 
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■> m 

mm 
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TAIL ROTOR . . 

-- 
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mm 
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-0.6% 
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-0,8% 

-0.2% 

TR 4 FUSELAGE 

mm 

-4.0% 

0 

-4.0% 

HR . 4 TR 

-3.2% 

-25% 

— 

-3.2% 

HR 4 TR 4 FUSELAGE 

-2.4% 

-23% 

0.7% 

-3.1% 


TABLE F2. BLACK HAWK MAIM ROTOR TAIL ROTOR + FUSELAGE, 
ICE (Z/R = 0,76) THRUST XMCREMEMTS 
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1 isolaVes tail rotor 

2 HAIK ROTOR ANS FUSELAGE ANS TAIL ROTOR 
(8TANSARS SEPARATION) 

3 NAIN ROTOR ANS FUSELAGE ANS TAIL ROTOR 
< INCREASES SEPARATION) 


Cw/SIgm* V4 Cg/Sigm* 


Figure F32 


Cq/S i gma 
















ORIGINAL PAGE (S 
• OF POOR QUALITY 

TK1* Rteordtd|Preett*td(*rid Prln^td UtIHzInd 

HP9e45B/8EBl68 46M WflCNETIC TAPE DftTP PROCBSSINC SV8T6H 


PLOT 8ER1E8 : 8LRCK HRMK MfilN ROTOR RN8 FU8ELRCB WITH TRACTOR TAIL ROTOR / 
APT LOCATION WITH INCREASEIL-SBPARATION / 8 d«g CANT / Z/R-e.78 / Ht»e.80 


F11#8 Fnt-N*»l 
25“ NFT3i 
€8 HFT94 


MFT98 


Plot# P1c»i«T<tU 

“! ii5U5rIFT5iL rotor 

2 NAtN ROTOR AND FU8ELAGE AND TAIL ROTOR 

(STANOARO SEPARATION) 

3 MAIN ROTOR AND FUSELAGE AND TAIL ROTOR 

< INCREASED SEPARATION) 


.TIA'^L. ^otoi< 
Ct/SIgn* *>» Cq/Slgn4 



.008 


.012 .018 .02 


Figure P33 


Cq/Si gma 








ORIGINAL PAGE IS 

OF POOR QUALITY 


THIft D«t« RvcordtdfPrectstvdf 4md Printtd Utilizing 
HP9948B/9eRIES 4600 HRGNgTlC TAPE PflTfl PROCESSING SYSTEM 


PLOT SERIES : BLACK HAWK RAIN ROTOR ANB FUSELAGE WITH TRACTOR TAIL ROTOR, 
AFT LOC. WITH STB, SEP., 20 BEG. CANT,OGE,Ht«e.S 

FlUt FlIfNzm# Plot# Plot~Tni> 

67 HFT98 1 AAIN ROTOR+FUSELAGE+TAIL ROTOR<0 BEG. CANT) 

68 HFT96 2 MAIN ROTOR+FUSELAGE+TAIL ROTOR<20 BEG. CANT) 


CixSIgm* ms Cq/'SIgmA 







ORIGINAL PAGE 19 
OF POOR QUALITY 


This Oiita i^^cord#cL| Proctsstdf Md Printi'd 
HP9.845I/SERI68 4fi>a HflCHETlC TAPE DflTB PftOCggSlt^fi SYSTgM 




1*i FI 1>-N4m> 

69 MFT98 

70 MFT96 


Plot# 

1 


P1o»«Tlt1» 

MHIN ROTOR PNO FUSELAGE ANO TAIL ROTOR 
<0 d«g CANT) 

MAIN ROTOR AND FUSELAGE AN5 TAIL ROTOR 
<20 d«g CANT) 


Cw/'SIgna v» Cq/’SIgaa 


















0RIC4JMAI PAQE 13 

OF POOR QUALITY 


Thift R«eordtd»Preetftft*d|aind Prfiittd Utnizlnv 

HPPB45B/9eRIES 46M HftCMETIC TftPB PRTfl PP0C68SINC $YS feW 


PLOT 9ERIE9 : BLACK HAMK HA IN ROTOR AND PU9ELA0E UtTH TRACTOR TAIL ROTOR / 
APT LOCATION ANB 9TANDARB 8EPARATI0N / 29 dtg CANT ^ OCE / Ht*9.69 

Pn»9 F<1»»N4m« Ploti Plot-TItU 
19 hFF 53 I ISOLAfEB tRIL ROTOR 

79 NPT96 2 HAIN ROTOR ANB FU9BLACE ANB TAIL ROTOR 

<29 dtg CANT) 


tail. /?OTt>1< 
Ct^’Eigma vt Cq/’SIgma 










ORIGINAL PAQB 18 
OF POOR QUALITY 


ThU OAt* RAcordvdyFroetASAd^And Printtd UtiHxIno 
HF984S8/8ERIE8 460fl MRCHETIC TRFE ORTB PROCBSSINC SYSTEM 


PLOT SERIES : BLACK HAWK MAIN ROTOR ANO FUSELAGE WITH TRACTOR TAIL ROTOR, 
AFT LOC. WITH STB, SEP., 20 BEG. CANT,2^R«0.78,Mt-0.S 

Fn*» FI UrHAAA Plott . Plot-TUU 

€6 MFT94 1 MAIN ROTOR+FUSELAGE+TAIL ROTOR<0 BEG. CANT> 

SS MFT97 2 MAIN ROTOR+FUSELAGE+TAIL ROTOR<20 BEG. CANT) 


fU 

e 

,06 

in 

\ 

-p 

O .04 


Ct^^SIgMA MA Cq/SlgmA 


.002 .00 


.000 .0 


Figure P37 






orjJCfnAi r.AQi? i;s 

OF fOOR QUALITY 


Th4t lUta Rtcord«d,Proct»»«d,and PHnttd Utilizing 
HP9e45B/8ERIE8 4$90 WRCHetlC TftPE DPTft PROCESSIMC SVSTBH 


PLOT 8ERIE8 : BLRCK HRI4K HAIN ROTOR RNB PU8ELRGE I4ITH TRRCTOR TRtL ROTOR / 
RFT LOCRTION RNB 8TRNBRRB 8EPRRRTW»i-^ 20 dtg CRNT / 2/R-0.F8 / Mt-0.80 


FUd# FUt-Nawt 
68 HfT 94 

71 RFT97 


Plot# Ploi-THta 

1 RRIN ROTOR RNB FUSELRGE RNB TRIL ROTOR 
(0 deg CRNT) 

2 NRIN ROTOR RNB FU8ELRGE RNB TRIL ROTOR 
<20 dtg CRNT) 


cn •' 

\ 

3 

O 


CvM^SIgm* M* Cq/’OIgma 


.ee 2 .de 


88 .888 


Figure FSB 


Cq/S i gma 









ORIGINAL PAGE IS 
- OF POOR quality 

ThU B«ta Rtcor*d#d,Proc#**#d, And Prlntfd Uti Halng 
HP9fl4a»/9ERIE9 460^ WPCNETIC TAPE PPTR PROCESSING SYSTEM 


PLOT SERIES ; BLACK HRMK HflIN ROTOR RMB F4J8ELRGE WITH TRACTOR TAIL ROTOR / 
AFT location ANB STANBARB SEPARATION / 2S dtg CANT / 2/'R-0.78 / Hi-S.6S 


FHtS F1U-NAA4 
T3 NFT29 

71 HFTS7 


Plots PlotrTltlt 

“1 isoLateb tail rotor 

2 NAIN ROTOR ANB FUSELAGE ANB TAIL ROTOR 
■ <2S dts CANT) 

rAii- 

Ct/SlOMA v» Cq/'SlSMA 





»44444 4446 4M 66 

44444444444444 






• 








•♦•sssaJ^^^ssssosassssJssssssssoss*^ ♦♦♦♦♦sssssassaI^wmssmssss ss******m****1****oss*s4A4*U^^ 

a .006 .012 .018 .024 


Figure F39 


Cq/S i gma 











ORIGfNAL PAGE IS 
01: POOR QUALITY 


TMft 0M4 Rteerd«d(Pree«**#dy4hd Printtd Utilizing 
HP984SB/8EP1E8 46flfl MflCNBTIC TftPE PftTfl PP0CE88INC SYSTEM 


PLOT 8BEIE8 : BLACK NAMK RAIN ROTOR ANO FUSELAGE WITH TRACTOR TAIL ROTOR, 
LOU P08N ANB INCR 8EP,8dtg CANT,0GE,Mt«8.8 


PlUi P1U-U44* Plot# 
74 AFT tee 1 

144 HFT184 2 


Plot-TUU 

«ffIliR5TOl5TFU8ELACE+TAIL ROTOR<LOM P08N, INCR 8BP> 
AAIN R0T0R<»>FUSELAGE<«'TAIL R0T0R<8TB LOC ANB SEP) 


Ct/'SIga* vt Cq/S1gn« 




.S04 


Figure P40 


Cq/S i gma 

















ORIGINAL pmt m 
OF POOR QUALITY 


This D«t« Rtcordtdf Froc««fttdt«nd Pr4nt*d UtIHxIng 
HF994SB/8eRlg8 4690 HRCHETIC TAPE DATA PROCESS I NC8V8TIM 


PLOT SERIES : BLACK HAUK MAIN ROTOR AND FUSELAGE MITH TRACTOR TAIL ROTOR, 
LOW POSH AND INCR 8EP,0dtg CAHT,OGE,Nt«S.S 


PtUS Pn#-Nnit 
74 ??FTTm 

144 MFT154 


Plot# Plot-TitU 

1 MAIN ROTOR4FU8ELAGE4TAIL ROTOR<LOM P08N, INCR SEP) 

2 MAIM .JtOTOR<^FUSBLAGE«TAIL R0T0R<8TB LOC ANO SEP) 


Cw/SIgna CVSIgna 




002 .00 


Cq/S i gma 


e.-r^nrj, > , 




















ORIGIMAl PAGE IS 
OF POOR QUALITY 


Thift Rt. vf'd*diP^ecttft*dtand PHt\ttd UtHIzInd 

HP9e4SB/8ERIE8 4880 MRSNETtC TAPE DATA PRQCE88IAG 6Y8TEA 


PLOT SERIES : BLACK HAUK RAIN ROTOR AND FUSEL A6E UITH TRACTOR TAIL ROTOR, 
LOM P08 AHB INCR $EP.8dt9 CANT,06E, At>8.8 


Fn»» Plot# 

74 NFTl^e I 

142 AFT87 2 

184 HFT194 3 


Plot-THIt 

M??nrSoT5I+PU8ELAGE+TAIL ROTOR<LOW P08,INCR SEP) 
ISOLATES TAIL ROTOR 

MAIN ROTOR4FUSELACE4TAIL R0T0R<8TB L0C~AH1L SEP) 


Ct/Sl9tt« Cq/Si9m« 





.ses .ai2 .018 


Figure F42 


Cq/S i gma 
















m 


ORIGINAL PAGE IS 
OF POOR QIIAl.lTf 


Th<» S««* Rt«erdtdtProe««*«d»*nd Printtd UtiHsIng 
HP9e4SB/8ERies 469d MRGNeTIC TRPE DATA PROCBSaiHC SYSTEH 


PLOT SERIES : BLRCK HRUK I1RIN ROTOR RNO PUSBIRGR MITH TRRCTOR TRIL ROTOR, 
LOW P08N. RHB INCR. 8BP.,0 OBG. CRRt, 2/R»0. 79,m-0.6 

Pi Ui Pi1t«Nm>4 Plot# P1ot"TH1t 
si MFT53 I I80LRTES TRIL ROTOR 

9S nPT?S 2 (1RIN ROTOR4PU8ELRGB4TRIL ROTORCSTO. LOG. RNB SEP.) 


HPT101 


I1RIH ROTOR4PU8BLRGB4TRIL ROTOR<LOM P08N.,INCR SEP) 


\ 

-P 

u .04 


Ct/81din« V* Cd/SIgtAA 




1 1 ! i 1 i I 

.002 .004 .006 .006 


Cq/S i gma 













ORIQINAL PAQIS IS 
OF POOR QUALITY 

Thi# R«cardtdiPr>oct«fttdi And Pr><nttd Ut nixing 




SftlSe t BLACK HRMK MAIN ACTOR AN8 FUSELAGE WITH TRACTOR TAIL ROTOR 
^SUfiON ANB IHCREASeO SEPARATION / S dtg CANT / ZkR« 0.?6 / NiJi«^ 

LSi l,OTOR 

HFT70 2 MAIN ROTOR ANB PUBELAGE ANB TAIL ROTOR 

<8TANBARB LOCATION ANB SEPARATION) 

NFTiet 3 MAIN ROTOR ANB FUSELAGE ANB TAIL ROTOR 

<LOM POSITION / INCREASEB SEPARATION) 


Cw/Slgn* V* Cq/81gm« 




CD •' 
\ 


Figure F44 







.002 .004 .OOS 


Cq/S i gma 
















original PAQR 19 

» WOR QiZn 


Rt«ord#d,Pr©€t*»#d,«nd Printtd Utm*<nd 

HP984aS/9ERte8 4608 HflGHBTIC TRPE BflTfl PBOCBSSINC SVSTew 


PI.OT S^R^S : BLACK HAMK ROTOR (. FU86LACE WITH TRACTOR TAIL ROTOR: LOU 

POSITION AND INCREASED SEPARATION: 0 dtg CANTj 2/'R«0.78; Nt-0.60 


FHt# Pi IfNdiiu 
55 nPTtS 

133 MPT101 

.42 MPT57 


P1ot» 

I 


gisiziuai 

MAIN ROTOR S FUSELAGE 8. TAIL ROTOR 
<8TANDARD LOCATION 8. SEPARATION) 

MAIN ROTOR G FUSELAGE 8> TAIL ROTOR 
<LOW POSITION: INCREASED SEPARATION) 
ISOLATED-TAIL ROTOR 


r74it AotoA 

Ct/Sigm* MS Cg/'81gm« 


Figure P45 


Cq/S i gma 





Oi pS paqs is 


This Oat* Ra«ord*dyProcaftaadi*nd Printed Utiiizina 
HP9949B/8EPIB8 *dfle MPCWetlC TPP6 BPTfl PBQCesStNG SYSTgW 




||Ilf P1.1*"Haai 


99 HPT IBB 
Ue HFT18B 
164 nPT184 


pyp %9 PJet»TUU 
1 tsolnfso TfilL ROTOR 

f '*‘*’*‘- rotor 

3 «RIN ftOTOR+FUSELflCE+TRRCTOR TAIL ROTOR 


Ct/SIgaa m* C<|/' 81gaa 




**4*«*****>««^M***»»« »•*•**« 


^ i 


4 , 1 










rei 

E 

.? -®e 

LO 

\ 

U .04 


tl**»««t«*******4.*******»***«*i«««««*u 





4**»***M**«*»4**«»***«o*«....... 


.002 .004 .008 ,008 


Pigufe P46 








ORIGINAL PAGE Jg 
OF POOR QUALITY 


Thi* 0«t4 l{tcordtd(Proctt««di«nd Printtd UtlHzIn^ 
HP9843B/S6R!e8 4606 IWGHeTIC TPP6 PflTft .PROCESS INC SYSTEH 


PLOT SERIB9 : BLOCK HOHK MAIN ROTOR RNO PUSeLRGE MITH PUSHER TAIL ROTOR 
STD LOC AND 8EP,0d*fl CANT,OGE,Mt«0.6 


nu». P1t4-H4m> Plot# 
?3 HFT123 1 

140 HFT192 2 

104 HPT 184 3 


PV H-TltU 
ISOLATED TAIL ROTOR 

MAIN R0T0R4>PUSELAGB4>PU8HER TAIL ROTOR 
WAIN ROTOR^PUSELAGE+TRACTOR TAIL ROTOR 


Cw^SIgn* vs Co/Si am# 









ORIGINAL PAGE IS 
OF POOR QUALITY 


Thi* S*t« R*cordtd|Prgc«*ttd( and Printtd Ut Mixing 
HP9e4SB/96RIES 46flfl HHCNETIC TBPS PPTR PROGBSSIHC SYSTEH 


PLOT SERIES : BLACK HflUK MflIM ROTOR AND FUSELAGE WITH PUSHER TAIL ROTOR 
STD LOC AND 8BP,«d#g CANT,OCE,Ht«0.6 


FMa» .. .FiU’NaBit Plot# 
9S APT I 23 I 

140 HPTIS2 2 

164 NFT1S4 3 


Plot-Tit 

ISOLATED TAIL ROTOR 

NAIN ROTOR^FUSELACE-^PUSNER TAIL ROTOR 
HAIN R0T0R4-FU8ELACB+TRACT0R TAIL ROTOR 


Ct<^Signa m* Cg<<’8igina 








ORIGINAL PAGE IS 
OF POOR QUALITY 


Th1» R*cordtd,Proc*»t«d,^d Printfd UMI 

HP 9 a 4 SB/ 8 ERIFg HftCNenC tape DPTfl PPQCE881NC 8YSTEW 


PLOT SERIE8 


ILSCK HftMK ROTOR R PUSELRCe “JIJ ^ SfirU®""'"’"" 
LOCATION 8. 8BPARATX0NI 0 d#9 CANT; 2/R-0.78; Mt»0.60 


Fi U# 

FI 1#-N«(#« 

P1ot» 

55 

MFT78 

1 

95 

MFT123 

2 

139 

MFTI51 

3 


Pioi-THU 

main rotor 8i PU8ELACE 8. 
ISOLATED TAIL ROTOR 
MAIN ROTOR 8, FUSELAGE 8. 


TRACTOR TAIL ROTOR 
PUSHER TAIL ROTOR 


Ct/Sign* v» Cqp'Sigin* 














WieiNAL PAGE IS 
OF POOR qua5 ® 


ThU 0«(« R*cordtd,Prect»fttd«and Printtd UtlHiIng 
HP984SB/8ERIRS 4600 HflGNETIC tflPE gRTP PROCESSINC gYSTgM 


5 BLRCK HflHK ROTOR (. FU8ELRGB WITH PUSHER TftIL ROTOR} STflHDRRD. 
LOCRTION & 8EPHRRT10N} 8 dtg CANT} 2/R»0.78; M4»C.60 


Pn t» Fn>-Nw>> Plot# 
W MFT78 “J 

95 HFT123 2 

139 HFT151 3 


P1ot-T<tl» 

MAIN ROTOR FUSELAGE & TRACTOR TAIL ROTOR 
ISOLATED TAIL ROTOR 

MAIN ROTOR 8< FUSELAGE 8. PUSHER TAIL ROTOR 


. IS , 


Cw/Slgmo ms Cq/SIgm* 


Figure F50 


.804 .aes .eee 

Cq/S i gma 






ORIGINAL PAGE fS 
OF POOR QUALITY 


th1« SAt« Rtcord«df Prects»«d««Ad PHnt«d Utnixlng 
HP994SB/8ERie8 4688 WPCNBTIC TAPE flflTft PPOCBSSINC SYSTEH 


PLOT SERIES : BLRCK HRMK ROTOR 8 PUSELRGE WITH PUSHER TRIL ROTOR; STAHORRB 
LOCATION 8 SEPARATION; 8 dtQ CANT; Z/R-e.PA; Nt«8.€8 


F< 14» FI l4~N4fl>4 Plots 
55 MFT78 I 

85 . MFT123 2 

139 MFT151 3 


Plot-THU 

MAIN ROTOR 8 FUSELAGE 8 TRACTOR TAIL ROTOR 
ISOLATES TAIL ROTOR 

MAIN ROTOR 8 FUSELAGE 8 PUSHER TAIL ROTOR 


Ct/Sfom* vs Cq/SIgSA 



Figure P51 


Cq/S i gma 


li 











orjohmaii.; f)7 

OF POufi QUAUT’/ 


Thift S«t« Rtcordtd|Proctftft«df And Printed Utilizing 
HP5f45S/'8BRIft 46M MflCHETXC TfiPE DPTfl PROCESSING SYSTEM 


PLOT SERIES : BLACK HflMK ROTOR S FUSELflCE WITH PUSHER TAIL ROTOR; AFT 

location; standard separation; e dtg cant; oge; nt>o.ss 


Filtf Fnt-Nmm# 


HFT146 


MFTIS2 


1 isolated tail rotor 

■ . 2 MAIN ROTOR S FUSELAGE i, TAIL ROTOR 
<AFT location; STANDARD SEPARATION) 
3 MAIN ROTOR S FUSELAGE S TAIL ROTOR 
<8TANDARD LOCATION S SEPARATION) 


Ct/SIgnA M« ego's IgMA 


rd 

e 

D) .06 

If) 

\ 

•p 

U *04 



.ae2 . 004 .006 . 006 


Figure F52 


Cq/S i gma 










ORIGINAL PAGI2 
OF POOR QUALm 


Th<* D«t* Rteordtd|Proctt»*d|4nd Printtd UtUIxing 
HP9e48B/SERt68 A609 WPCNETIC TAPE BflTP PRftCfiSSIKC SYSTBII 


PLOT SERIES ; BLACK HAWK ROTOR S PUSELACE WITH PUSHER TAJL ROTOR} AFT 

location; stanoaro separation; s dtg CANT; 06E; nt>e.6S 


Flit# 

Fn«>H4ffi« 

Plot# 

PI ot“TH 1 • 


99 

NFT123 

1 

ISOLATED TAIL ROTOR 


129 

HFT146 

2 

MAIN ROTOR S FUSELAGE «. TAIL ROTOR 
(AFT location; standard SEPARATION) 

140 

HFT192 

3 

MAIN ROTOR i, FUSELAGE 
(STANDARD LOCATION L 

S TAIL ROTOR 
SEPARATION) 


Cw/SIgmA gft Cd/Sigm« 







Of; ruuii’ ^^'a4Lr^Y 


This R*cordtd»Proc*«»«d» And Printtd UttHzing 

HP9e48B/SeRIE8 4660 HRGNETIC TftPE DflTfl PROCESSING SYSTEM 


PLOT SERIES : BLRCK HRMK ROTOR S FUSELAGE WITH PUSHER TAIL ROTOR; AFT 

location; standard separation; e dtg cant; oge; Nt«o.60 


PiUf 

Pnt-NAmt 

PtPti 

Plot-Tltl# 


95 

HFT123 

1 

ISOLATED TAIL ROTOR 


129 

HFT146 

2 

HAIN ROTOR S FUSELAGE S TAIL ROTOR 
<AFT location; standard SEPARATION) 

140 

MFT152 

3 

NAIN ROTOR A FUSELAGE 
(STANDARD LOCATION A 

A TAIL ROTOR 
SEPARATION) 


Ct/^SigmA vA Cg/SigmA 








ORIGINAL PAGE IS 
OE POOR QUALITY 


ThU D4ta R*cordtd,Pro«#*»*d,4ncl Printed Utmzirtg 
HP9945B/8ERIE8 4608 HPCNgTIC TPPE DflTft PROCESSING SYSTew 


PLOT SERIES : BLRCK HRMK ROTOR S P'JSELRGE WITH PUSHER TRIL ROTOR; RPT 

locrtion; strndrrd seprrrtioh; e dvg crnt; z/r-o.ts; Ht-e.se 


FiUi F1U»N4II>» 
95 MFT123 

128 MFT145 

139 MFTISI 


Plot# Plo»-THU 

1 ISOLRTEO TRIL ROTOR 

2 HRIN ROTOR S FUSELRGE «. TRIL ROTOR 

<RFT locrtion; STRNBRRD SEPRRRTION) 

3 NRIN ROTOR i FUSELRGE 4 TRIL ROTOR 

<OTRNDRRB LOCRTION 4 SEPRRRTION) 


Ct/'Si9m4 MS Cq/'S1gm4 


.096 .008 


Figure F55 









ORIGINAL PAGE IS 
OF POOR QUALITY 

Th<« Oat* Rtcord*d|Proe*»*tdr*nd Printtd Utilizing 
NP984S0/8eRIE8 4680 MAGNETIC TAPE OflTfl PROCESSING SYSTEM 


PLOT SERIES : BLRCK HRUK ROTOR S FUSELAGE 141 TA PUSHER TAIL ROTOR;' AFT 

LOCATION; STANOARO SEPARATION; 8 dtg CANT; 2/R-8.78; Nt«8.68 


F1U# 


FiU-N«ift« 


NFT123 

HPT149 

HFT191 


Plot-TItU 


ISOLATED TAIL ROTOR 
NAIH ROTOR S FUSELAGE «. TAIL ROTOR 
<AFT location; standard SEPARATION) 
NAIN ROTOR «. FUSELAGE 8. TAIL ROTOR 
< STANDARD LOCATION S SEPARATION) 


Cw/SIgma wt Cq/SIgna 


✓ 2 
*•*484 4M4*44444R|P4< 

.O' « 


Figure F56 


Cq/S i gma 









ORIQINAU PAGE IS 
OF POOR QUALITY 

This Dai* Rtcerdtd,Proctss«df«nd Prlnttd Utilizing 
HP9848B/8BRIB8‘ 4680 WPCNgTIC TPPS DFITP PR0CB88INC SV 


PLOT SERIBS : BLPCK HRWK ROTOR 8 PU8ELRCB UITH PUSHER TRIL ROTOR; RFT 
locrtioH; strnorrb sePrrrtioh; e dtg crnt; b/r«o. 78; nt< 


F1U8 FlIfNaint 
95 MI^TIBS 

128 MFT148 


MFT151 


Plot# Plot-TItIt 

1 I80LRTB0 TRIL ROTOR 

2 HRIN ROTOR (. FU8ELRGE 8 TRIL ROTOR 

<RFT LOCRTIOH; 8TRN0RRS 8EPRRRTI0N) 

3 HRIN ROTOR «• FU8ELR6B I TRIL ROTOR 

<8TRN0RR0 LOCRTIOH L SEPRRRTIOlO . 


Ct/81gn« Vi'S Cq/81gi»« 


I jT 

0 .006 


Figure P57 


Cq/S i gma 














ORiGIfJAU 13 

OF POOR QUAUITY 


Thli D*t* Rtcordtd«Proc«ftt«d(«nd Pr><nttd utn<s<ng 
HP984SB/3 ERIES 4600 MRCWgTIC TAPE ORTA PROCESSr 




PLOT SERIES : BLACK HAMK ROTOR i FUSELAGE MITH RUSHER TAIL ROTOR( LOW 
POSITION; INCREASED SEPARATION; O dtg CANT; OGE; Nt-S.SO 


FHM Fn«-N*ii>« 
135 MFT147 

137 MFT149 

140 NFT192 


Plots Ploi-TUIo 

1 MAIN POTOR I. FUSELAGE «« TAIL ROTOR 

(LOW POSITION It INCREASED SEPARA^TION) 

2 ISOLATED TAIL ROTOR 

3 MAIN ROTOR I. FUSELAGE I. TAIL ROTOR 

(STANDARD LOCATION 8. SEPARATION) 


01 

\ 

3 

U 

.04 


Cw/Sl 0 MA Cq/SIgm* 


Figure P59 


Cq/S i gma 




opicwni; rr.rr; r > 

OE I'i'iUAKi ii y 


Thift S*t4 Rtfrordtdf Proct»*tdf And Printtd UtiHzIng 




SERIES : BLRCK HRUK ROTOR S FU8BLR6E U!TH PUSHER TAIL ROTOR; LOH 
POSXTION; INCRERSEO SEPRRRTION; e dtg CRNT; 0 GB; nt- 0 . 6 S 


fha# p nt-NAAt 
35 


37 HPT149 

40 MPT182 


Plots P1ot»THlt 

n nM IN ROTOR S FU8BLRGB S TAIL ROTOR 

<LOH POSITION S INCREASES SEPARATION) 

2 ISOLATES TAIL ROTOR 

3 NAIhC ROTOR S FUSELAGE L TAIL ROTOR 

< ST ANSARS. LOCATION & SEPARATION) 


Ct/SIgatA Cq/SigMA 


Figure F60 


Cq/S i gma 


















Ct/S i gma 











CliiOIMAL PAGH IS 

OF POOR QUALITY 


THIft Batft Rtcord«d«Proet«»ed»«nd Printed Utilizing 

VSERies 46M I1R6NETIC TAPE DATA PROCESSING SYSTEM 


PLOT SERIES I BLACK HAUK R&TOR S FUSELAGE WITH PUSHER TAIL ROTOR; LOM 

position; IHCREASEB separation; O deg CANT; Z/R«0.7S; Mt-S.SS 


File# F11e-N«ne 


149 
MFT151 

MPT ISO 


Plot-Title 


ISOLATEB TAIL ROTOR 
MAIN ROTOR li FUSELAGE 6. TAIL ROTOR 
<8TANBARB LOCATION 8. SEPARATION) 

MAIN ROTOR S FUSELAGE S TAIL ROTOR 
<LOM POSITION S INCREASES SEPARATION) 


Cw/S1gme v*s Cq/S1gm« 









ORIQINAL PAGE IS 

OF POOR QUALITY 


This S4$ii Rtcord#citProet»ft«4t*nd Printed Utilising 

B/'SBR 1 58 4 dee WRGN6TIC TflPB PRTR PR0C598IN6 9V8TBM 


PLOT SERIES : BLftCK HAWK ROTOR t. FUSBLACe UITM PUSHER TAIL ROTOR^ LOW 

position; INCRBAS£JI~SEP.«RRTX0K4 e dtg CANTJ 2/R-0.78} Mt«0.6S 


Flit# F1U«N4m> 
137 MFT149 

139 MFTISI 


MFTtSO 


Plots Plot-Title 
"i UolStED TAIL ROTOR 

2 MAIN ROTOR «. FUSELAGE 8. TAIL ROTOR 

<STANOARO LOCATION 8. SEPARATION) 

3 MAIN ROTOR It FUSELAGE 8i TAIL ROTOR 

<LOH POSITION 8. INCREASES SEPARATION) 


Ct/'91gm« MS Cq/SIgme 



.deS .312 


318 .32 


Figure F63 


Cq/S i gma 





ORIGINAL PAGE 13 
iDE POOR QUALITY 


ThU Rtcord#d,Proct»»ed,»nd 

MPdedSB/SERies 46flfl MAGNETIC TRPE. PflTR PROCBSSIHg SYSTEM 


PLOT SERIES : S-76 HfiXN ROTOR WITH FUSELAGE flN8 TRACTOR TAIL ROTOR 
STD. LOC. AND 8EP.,0 DEC. CAHT,0CE,Mt-e.6 


PUt« 

19 

se 

64 


AFT 109 
MFT114 


Plot# Plo t-Tit It 
”1 I SOL At ED TAIL ROTOR 

2 MAIN ROTOR+FUSELACE+TAIL ROTOR 

3 ISOLATED MAIN ROTOR 





ORIGIMAU PAGE IS 
OF POOR QUALITY 


T/'iU Data R*cerdtd»Proctiift«d»«nd Prlnttd Utniztng 
HP9948B/8SRIB8 46M (IflCNeTIC TBPS PPTP PROCfiSSINC SYSTEM 


PLOT SERIES } 8-78 MAIN ROTOR WITH FUSELAGE AND TRACTOR TAIL ROTOR, 
STD. LOC. AND. SEP., e DEG. CANT,QGS,Ntae.8 


Fn>» Fi U-Namt 
IS . MFT24 
88 MFT109 

84 MFTU4 


Plot# Plot-TUU 

1 ISOLATED TAIL ROTOR 

2 MAIN ROTOR4>FU8BLAGE^TAIL ROTOR 

3 ISOLATED MAIN ROTOR 


<Cw A Ct>/S1saa va Cq/SIsma 


•p .86 

O 



9’ 2a 


.082 .004 .008 .008 


Figure P65 


Cq/S i gma 


r i :;«a 


384 







1 ! 


ORIRfWAl PAP,R B 

OF POOR QUALITY 


This S«ta Rt6ordtdtProctftfttd,and Printtd Utnialng 
W»fe48B/8gRIBS 4600 MPCHETIC TAPE PRTP PROCESSING SV9TEH 


PLOT SERIES : 8-76 NPIN ROTOR MITH PU8ELRCE AND TRACTOR TAIL ROTOR / 8TANSARB 
LOCmSONS SEPARATION / 0 dtg CANT / 0GB / N«-0.60 

nit# PiU-Nama Plot# Plot-TUU 

12 NFTae I isoLAfso Tail rotor 

62 NPT109 2 MAIN ROTOR AND FUSELAGE AND TAIL ROTOR 


tail 

Ct/Si0ma va Cd<^SIgina 




onmmi haqe is 

OF POOR QUAUTY 


Thi» D«t* Rtcord«d| Free tftfttdf and Printed Utilizing 
HP9e48B/8EffIES 4660 MAGNETIC TAPE BflTfl PROCESSING 8V8TEH 


P4.0T SERIES ; S-76 MRIN ROTOR WITH FU8ELM6 AND TRACTOR TAIL ROTOR, 
STD. LOC, AND 8EP.,e DEG. CANT,2/R»0. 78, Mt "D. 6 

FI U« FtU-Namt Plot# Plot-TItlf 
Is MFT20 n ISOLATED TAIL ROTOR 

79 MFT108 2 MAIN R0T0R+FU8ELACE+TAIL ROTOR 

81 MFT110 3 ISOLATED MAIN ROTOR 


Ct/'Sigm* Mt Cq/S1gm« 



360 







ORIGIWAL PAGif? J3 
OF POOR QUALITY 


Thi* Xmt4 Rtcordtd,Proettt*d,»r>d Printed Utilizing 
HP 9 e 4 aB/SERlES 4800 MflCHETIC TftPE BflTfl PRQCE8SIHC SYSTEM 


PLOT SERIES : S-76 HflIN ROTOR WITH FU8ELRGE RNC TRACTOR TAIL ROTOR 
Zfi. LOC. AND 8EP.,0 5EC. CANT, 2/R-0. 78, Mt-0. 6 


FI U« FI U~N4mc 

15 HFT28 

79 MFT108 

81. MFT110* 


PlotO Plot~T1tU 
“1 I80LATEB TAIL ROTOR 

2 MAIN R0T0R+FU8ELAGE4>TAIL ROTOR 

3 ISOLATED MAIN ROTOR 


<Cw 8 Ct>/81gni* Cq/S1gm* 




.ee k*« 


. 04 I- 


.002 


.004 




.008 


.008 


Figure P68 


Cq/S i gma 



ORIGINAL PAOL IS 
OF POOR QUALiTY 

ThI* D«t* Rtcord#d|Proctf*td,«nd Printed UtHIxInfl 
HP9948B/SeRIE8 4600 MflGNeTlC TAPE DfITfl PROCESSING SYSTBII 


PLOT SERIES : 8-76 MAIN ROTOR WITH FUSELAGE AND TRACTOR TAIL ROTOR / STANDARD 
TocStToOnA-SEPARATION / 0 dtg CANT / Z/R«0.78 / Mt-0.60 

Flit# F11t-N*«t Ploti Plot-THIt 
l2 HFT28 I ISOLATED TAIL ROTOR 

81 HFT108 2 MAIN ROTOR AND FUSELAGE AND TAIL ROTOR 


-fAtL k'i/’''/'' 

Ct/Sign« Cd/'81gn« 











ORIQINAl. PAGE IS 
OF POOR QUALITY 

Th<* 04(4 Rtcordtd) Pr oct 4nd Printed Utilizing 
HP9e4gB/SERIES 4600 MAGNETIC Tfle£.PaTA PROCESS I NO SYSTEM 


PLOT SERIES J 8-76 MAIN ROTOR- WITH FUSELfiCE RNO PUSHER TfilL ROTOR / STfINOflRD 
LOCRTIOH RHO SEPRRRTIOH / 0 dtg CRNT / 0GB ^ ilt-O.SO 


P11t« 

82 

FI 1 t-H4mt 
MFT109 

Plot# 

1 

Plot-TUl# 
HRIH ROTOR RHD 

FU8ELRGE 

RHD 

TRIL 

ROTOR 

91 

MFT119 

2 

MRIH ROTOR RHD 

FUSELRGE 

RHD 

TRIL 

ROTOR 

98 

MFT123 

3 

X80LRTED TRIL 

ROTOR 





Cw/'S1gm4 vs Cq/'S1giM4 


Figure P71 


Cq/S i gma 






Ct/Si gma 











ORIGIMAU PAtiE IS 
OF POOR QUAMTY 


TW» 0«t« R#cord#d|Pro«t*»fd,*nd Prfnitd Utnizing 
HP9e48B/^8 ERIB8 460g (lAGNETIC TAPE DflTR PR0CB8SING SV9TEI1 


PLOT SSRieS : 8-?6 HRIN ROTOR UXTH PUSELRCe RNO PUSHER- TRXL ROTOR, 
STS. LOG. RND SEP., 8 DEG. CflHT,2/R«8. 78, Ht«8. 6 


PHt* 

Pi 

Plot# 

79 

HPT108 

1 

88 

MPT118 

2 

93 

MFT123 

3 


Plot-TUU 

nfllN ROTOR+FUSELflCE+TflIL ROTOR<TRflCTOR) 
MAIN R0T0R*FU8ELRCE+TfllL ROTOR<PUSHER> 
ISOLATED TAIL ROTOR 


I 


Ct/Sigm* MS Cq/^S1gm« 











page 13 

OF POOR quality 


Tbit &«t« Rt6ord«d|Pt*octtfttd»4ind Prlnttd Hzing 

PR 




PLOT 8BR1S8 t 8-76 MRZN ROTOR HITH PUeELRaS 8 PUSHER TRIL ROTOR 9 STRN9RRS 
LdCRTlOH RNO 9BPRRRTI0N / 0 d»« CRHT ✓ 2^R*0^7e «t«. 60 


Pnti Pllt-H*<nt 
et HmSs 

90 RPTlie 

98 HPT I 23 


PlPtf P. Qt-THlt 

1 HAiN ROT6r WITH PU8ELRGE RN9 TRIL ROTOR CTRRCT0R3 

2 NRIN ROTOR WITH PUSELRGE RHU TRIL ROTOR CPUSJ^RI 

3 I80LRTE0 TRIL ROTOR CPU8HER3 


Cw/8ian4 v* Cq/8(g(ft« 













URiGIWAL PAGE 18 
OF POOR QUALITY 


ThU D«t« Rtcordtdf PrQct*«tdl|4kn<l Prlnitd Utmzlnfj 
HP9e49B/8eRie8 46aa MflCNBTlC TAPE DATA PROCESS IRC SVi 


RUOT SERIES : 8-76 MAIN ROTOR MITH PU8BLACE 8 PUSHER TAIL ROTOR 8 STANDARD 
LOCATION AND SEPARATION / 0 dt0 CANT / Z<^R-0.78 ^ At<*.60 


FHti Pnt-Nmt Plot# 
81 1 

80- nPTllS 2 

85 MPT I 23 3 


MAIN ROTOR MITH PU8ELA6B AND TAIL ROTOR CTRACTOR] 
MAIN ROTOR MITH PUSELAGC AND TAIL ROTOR CPUSHER3 
ISOLATED TAIL ROTOR CPUSHBRl 


tail. Atrcfi. 

Ct/SIgm^ MO Cq^SIgm* 





.006 .012 .010 .0E4 


Figure P75 


Cq/S i gma 











ORIGINAL PAQB 18 
OF POOR QUALITY 


ThI* Dftt* Rtcord#dtP»*oe##»#d,*iid Printtd Uiinzing 
HP9848B/8ERie8 4600 HflCNBTIC TAPS PflTR PROCESSING 8Y8T6W 


PLOT SERIES : HIGH 80LI51TV MflIH ROTOR WITH FUSELAGE RH5 TRACTOR TAIL ROTOR, 

















ORIQINAL PAOB 18 
OF POOR QUALITY 


Thii Oat* R*cordtdtPro6«*»*ctf and Printtd Utilizing 
1 / 




PLOT SERIES t HIGH SOLIDITY HP1N ROTOR WITH FU8ELPCB PNO TRRCTOR TAIL ROTOR 
STD. LOG. AND SEP.,0 DBG. CANT, OSfi, Mt«0. 6 



0 .002 .0 

04 .006 .008 .01 

1 .0 

Figure P77 

Cq/S i gma 






ORIQINAIn PAGE IS 
OE POOR QUAUTY 


Thin R#frord#d» Pr©c#»»tdj and Prinvtd UtlHalnfl 

>9fi4flB/8ERIE9 4600 WRCMETIC TAPE PRTfl PROCESSING Sii 


PLOT SERIES : HIGH 80LX8ITV ROTOR WITH FUSELflCE RN5 TRACTOR TAIL ROTOR / 
STMWd^B LOCATION ANfi SEPARATION / 0 dtfl CANT / OGE / Mt-0.60 

pn ©0 Fn#-N*«* Plot# Piot_-jrj_t±t 
TT^ HPT28 X ISdLAfErYSlL ROTOR 

41 MFT63 2 WAIN ROTOR AND FUSELAGE AND TAIL ROTOR 


"I /lU /i f I r-'t*' 

Ct/81gma u* Cq/Sigma 



.800 


.012 


.010 


.024 


Figure P7S 


Cq/S i gma 





ORIQINAU PAQE If 
OF POOR QUAUTY 


Thif D*t« Rtcordtd,Proct»«td,«nd Printtd Utnizlna 
HP9848B/8ERI68 4606 M flCNgTIC TAPE DATA PROCESSING SVSTgW 


PLOT SERIES 


HIGH 80LI&ITV MAIN RaTOR WITH FUSELAGE AND TRACTOR TAIL ROTOR 
STD. LOC. AMD SBP.,S DEG. CANT, Z/R-0. 79,Mt«0. 6 


Filt# FI I f Naw 
15 MFT88 

38 MFTS2 

43 MFT67 


Plot# Plot«TU1# 

1 ISOLATED TAIL ROTOR 

2 MAIN ROTOR^FUSELAGE+TAIL ROTOR 

3 ISOLATED MAIN ROTOR 


Ct/SIgMA MS Cq/Sigm« 


Figure P79 


Cq/S i gma 












ORIOINAU PAGE IS 
OF POOR QUALITY 


Thl» Rtcord#d|Proc#*»fd»*nd 




SEWEt : MICH SOLIDITY MflIN ROTOR WITH FUSBLflCE AND TRACTOR TOIL ROTOR 
^ 8T0. log. and 8BP»»0 DBG. CANT, Z/R»0. ?0»Mt»0.6 


FiU# Fnt"H*mt 
18 
38 
43 


Plot-THIt 




MAIN ftOTOR+FUSELACB^TAlL ROTOR 
I80LATBD MAIN ROTOR 


(Cw L CO/SiQin* ut Cq/SIgma 


•P .06 



.004 


.006 


Figure F80 


Cq/S i gma 









Ct/Sl gma 
























ORIGINAL PWe B 
OF POOR QUAUTY 


ThU Dft«4 Rteord«d,Froc««««d(4nd PHrUtd UtfHzIng 
HP9848B/8eRIB8 4680 WBCNETIC TfiPe-4RTfl PR0CE88H4C SYS 


PUOT SERIES i HIGH SOLIDITY ROTOR WITH FUSELAGE AHB PUSHER TRIL ROTOR / 















Cty 









0 




a 

I, 

s, ■ 


S; 

S: 


ORIQINAl PAQR 19 
OF POOR QUALITY 

ThU B»t,« R#coriil*«(|Proc#ftiifd»«nd PrIntftJ 

4^QQ wflGHeTie Tflpe prtr pRQcessmG gysTfifl 



■QT 9ER!B6 I HIGH SOLIDITY ROTOR WITH FOSBURGE RN8 PUSHER TAIL ROTOR f 
^ffl'HDRRFt OORT I ON RHO SEPRRRTIQN / 0 dtS ORHT / Z/R-0.78 /• Mt-0.60 


pntt Fnt-NiMfti 

40 MFT62 

90 HFT123 

98 nPTi2e 


1 

2 
3 


RHD PU8ELRGE RND TAIL ROTOR <TRflCTOR> 
ISOLATED TAIL ROTOR 

MAIN ROTOR AND FUSELAGE AND TAIL ROTOR <PU8HER> 


Cw^Slgma v» Cct/SIgmA 















ORIGINAL PAGE IS 
OP POOR QUALITY 


PHnttd UMHxfna 

gJffl^NET.|C TflPB DftTft PR0CB88INC SVgfgM 


^LOJ SERIES i HIGH 80LI01TY ROTOR WITH FUSBLRCE AtHl FtifiUdB 

^tffiH53t5-LOCflTION RNB. semRRTtON ' S S,, cS“ 


TAIL ROTOR / 
Ht-0.60 


£llll F1 1 •■N4ttt 

40 mPtm 

98 MPT123 

90. MFT126 


PUt# 

1 

2 

3 


Plo»-TU1# 

MHIN ROTOR AND FUSELAGE 
ISOLATE® TAIL ROTOR 
MAIM ROTOR AHB-FU8ELACE 


ah® tail rotor 

AN® TAIL ROTOR 


< TRACTOR 
< PUSHER) 


Ct/^SIgMB vt 



Figure P87 


Cq/S i gma 



4-.0 ' ;. > _ ,.Q . •. ; 


ORIGINAL PAGE (S 
OF POOR QUALITY 


th1» D*t« RtccH'd«d|Pro«t«»td( And Prlnttd Ut HizIng 
HP9945B/9ERies 4608 MflCNBTlC TftPB MTfl PROCESSING SYSTEM 


PLOT SEItlES. : H-34 MAIN ROTOR WITH FUSELAGE AND TRACTOR TAIL ROTOR 
STB. LOC. AND SEP.,0 DEG. CANT»0GE,nt.>0.6 


Fl1t« PHt-NAnt 


NFT28 


Plot-THt# 

ISOLATED TAIL ROTOR 
ISOLATED MAIN ROTOR 
MAIN ROTOR+FUSELAGE+TAIL ROTOR 


Ct/S<OMA Mt Cd/S<gAA 


Fiquio PHH 





ORIQINAt PAGE 18 
OF POOR QUAUTY 


This D«t« ^!teord«d,Proe«sstd|*nd Prfnttd 
HP9848B/SeRieS 4688 HRGNETtC TftPE DftTP PROCESSING 8VSTEH 


PLOT SERIES J H-34 MAIN ROTOR WITH FUSELAGE ANO TRACTOR TAIL ROTOR 
STD. LOC. AND 5EP.,0 DEG. CANT, OGE, Ht-S. S 


m«» FIU-Nm# Plot* 

T? M^T28 1 

31 MFT54 2 

37 MPTSl 3 


Plot-Tjtlt 
ISOLATED TAIL ROTOR 
ISOLATED HA IN ROTOR 
HAIN ROTOR+FUSELAGB+TAIL ROTOR 


•p . 06 

U 


. 04 !•• 


<Cw * Ct>/S1gn« vs Cq^SIgm* 


Figure P89 


Cq/S i gma 









Of?IQINAl la 
OF POOR QUAUTy 


ThU B«t« RtcordtdfProctftfttcl|4nd Printed Utilizing 
HPd948B/8ERIE8 4608 WPGNgTlC TAPE BflTft PROCESSING SYSTEM 


PLOT SERIES : H-34 ROTOR MITM FUSELAGE AND TRACTOR TAIL ROTOR / STANDARD 
LOCATION AND SEPARATION ^ 8 dtg CANT / OGE / nt-0.68 

F1U» FlU-Nzwe Plot# Plot-TItU 
12 HFT28 n I^dLATED TAIL ROTOR 

39 HFTSl 2 NAIN ROTOR AND FUSELAGE AND TAIL ROTOR 

1 /^ 1 / /i } f- 

Ct/SIgm* MS Cq/'SIgmz 


1 \77 


.dos 


Figure P90 


Cq/S i gma 



ORIGINAL PAOK |» 
OF POOR QUALITY 


This D«t>« RtcordtdtProcffstdi and Printtd U^IHzIng 
HP98489/SERieS 4680 WflGNeTIC TAPE DRTR PROCESSING SYSTEM 


PLOT SERIES : H-34 MRIN ROTOR WITH FUSELAGE AND TRACTOR TAIL ROTOR 
STD. LOC. AND SEP.,0 DBG. CANT, 2/R-O. 78, Ht-O. S 


Fi 1 •• Fn •-N*m« 


MFT29 


Plo^i 


ISOLATED TAIL ROTOR 
ISOLATED HAIN ROTOR 
MAIN ROTOR+FUSELACB+TAIL ROTOR 


Ct/SiafflA Cq/SIgittA 




i 

I 


' J/ 

Ji/ 


Fiqure P‘U 


Lq/b 1 gma 










OR/GfWAL PAGE Is 

w POOR oK 

ThU Oat* R*cord*d,Proc*ta*d,and Printtd UtllUIng 
HP9845B/8 BRI68 4600 WP6HET1C TPPE DftTfl PROCESSING SYSTEM 


PLOT SERIES } H-34 MAIN ROTOR WITH FU8ELRCE RHO TRRCTOR TAIL ROTOR 
8T0. LOC. AND 8EP.,0 OBG. CANT, Z/R-6. 78, ML-O. 6 


PHt* P < 1 *»Namt 
18 


PI at~T HI# 


ISOLATED TAIL ROTOR 
ISOLATED MAIN ROTOR 
MAIN ROTOR+PUSELAGE-^TAIL ROTOR 


(Cu a Ct>/S1gna Cq/'SIgma 


“H .06 


2 .00 


Figure P92 







WMINAL PAQB IS 
W «»H (JUALITV 


This Data Rtcordtdf Proct*s«d,and Printed UtlUzInd 
HP9845B/8ERIE8 4600 WflCHeTlC TAPE DPTft PR0CB88IHC 8Vi 


PLOT 8ERIE8 : H-34 ROTOR WITH FUSELflCE AND TRACTOR TRIL ROTOR / 8TRNDRRD 
LOCATION AND SEPARATION / 0 dtg CANT / 2/R-0.78 / Rt«0.60 


Pi 1t» Pi 1>-Naat PlotR 
12 MPT20 1 

30 MPT60 ■■--2 


ui 


Plot-TitU 
ISOLATEli TAIL ROTOR 

naiN-ROTOR-RND FUSELAGE AND TAIL ROTOR 


Ct /Sigma Cg/Sigma 



Figure P93 


Cq/S i gma 




ORIGINAL PAGE IS 
OF POOR QUALITY 


Thi» Data Rtcoi^dtdtfroctaatd, and Printed Utilizing 
HP984aB/SERlE 8 4680 WflGNETlC TAPE DATA PROCESSING SYSTEM 


PLOT SERIES 


H-34 ROTOR WITH FUSELAGE ti PUSHER TAIL ROTOR} STANDARD 
LOCATION 8. SEPARATION; 0 d#g GANT; OCE; Mt-0.60 


Fi 1a» File-Namt Plott 
39 MFT61 1 

95 NFT123 2 

104 MFT130 3 


P1ot-Titt4 

MAIN ROTOR 8< FUSELAGE 8< TRACTOR TAIL ROTOR 
ISOLATED TAIL ROTOR 

MAIN ROTOR 8c FUSELAGE 8. PUSHER TAIL ROTOR 


Ct/Sigma va Cq/Sigma 


Figure P94 








ORIGINAL PAai: IS 
OR POOR QUALITY 


PMnt*d Utniailno 

HP9e45B iaERieS 4668 MflCNgTIC TftPP DflTR PPOCESSINC SVSTgM 


P LOT SERIES J H-34 ROTOR WITH FUSELRCE «. PUSHER TAIL ROTOR; STRH8ARD 
LOCATION 8. SEPARATION; S dtg CANT) OGE; Mt"0,SO 


FHoS 

Fl)*-N*m# 

34 

MFT61 

95 

MFTI23 

104 

MFT130 


Plots 

1 


PIot-TUl* 

MAIN ROTOR 8. FUSELAGE 8. TRACTOR TAIL ROTOR 
ISOLATED TAIL ROTOR 

MAIN ROTOR 8 . FUSELAGE 8 . PUSHER TAIL ROTOR 


. 0d j 

<C I 

£ I 

C3^ 

.06 I 


. 04 ! 


Cw/$tgma Cc|/Sigm 4 


.0S ^ 


Flqur*? PP5 


q b I q m a 




ORIGIIVAt,' PAQF is 
OF POOR QUAMTy 


Th»» D«t* R«cordtd|Pror.tt§tdt *nd Printtd UttHzing 
HP994SB -S ERIES 4600 WflCNETlC TAPE DATA PROCESSING avSTEM 


PLOT SERIES : H-34 ROTOR WITH PU8ELRGE li PUSHER TRIL ROTOR; STRNDRRO 
LOCATION (. SEPARATION; 0 dtg CANT; OCE; m»0,60 


FiUt 

Fl It-NttMC 

Plot# 

39 

MFT61 

“l 

98 

MFTU3 

2 

104 

MPT 130 

3 


Plot-THlt 

MAIN ROTOR 8. PU8BLACE 8. TRACTOR TAIL ROTOR 
ISOLATED TAIL ROTOR 

MAIN ROTOR 8< FUSELAGE & PUSHER TAIL ROTOR 


Ct/Sigm« ut Cq/Slgma 



Piquro P9G 


C q '■ Sigma 







PLOT semes : h-34 rotw? with FUSBLflce «. pusher tril rotor; standard 

""" LOCATION S SEPARATION; S «l«g CANT; 2/R»0.?8; Mt«0.60 


pnt# p<u«Ni»>* Plots 

38 MFT60 1 

95 nFT123 2 

103 HFTiiS 3.... 


Plot-Tltl* 

PiSTiTRoToFs fuselage a. tractor tail rotor 

ISOLATED TAIL ROTOR 

flAIN ROTOR «< FUSELAGE 4 PUSHER TAIL ROTOR 


Cw/Slgma Cg/’Slgmo 







ORIGINAL PAOI 18 
OF POOR QUALITY.. 


Thi# D4t4 Rtcord#<ji Procttttdi Afid Printed 

4690 HRCNETIC PROCfiag tNC ^STr >i 


P fe . 1T i !!S?2tion°J S«2eST?nh?®S 5 STANB^RD 

LOCATION 8i SEPARATION; 0 dtg CANT; 2/R-0.70; Mt«0,S‘j 


File* 

£.1 1 t-N««i# 

38 

MFT60 

95 

MFT123 

103 

MFT129 


Plot* 

I 


MAIN ROTOR S FUSELAGE S PUSHER TAIL ROTOR 


Ct/^SIgiDA M» Cq^Slgmo 


Figure P99 


98S ,ai2 ,e 

Cq/S i gma 






AP^fiNPlX Q 


LOWERED MAIN XOTDR,.gEAD 


The majosity of eonfigurations employed during the test had the 
main rotor head situated above the scale BLACK HAWK fuselage at 
its scale location. This position is probably not typical of most 
rotor head/fuselage separations, hence thm final segment of the 
test involved testing with the rotor head relocated 0.0508m (2.0 
inches) lower model scale -0.2908m (11.454 Inches) full scale. 
The testing involved only runs with the fuselage skins installed 
with and without the tail rotor operating. 

Figure 01 shows the impact on the OOK BLACK HAWK main rotor 
performance of reducing the rotor/fuselage separation, figure G2 
shows the same results on the expanded figure of Merit basis. 
Both figures show that lowering the rotor reduces the main rotor 
thrust capability at low thrust levels by up to 2% but has vir- 
tually no impact at the higher thrust levels. This trend is 
repeated on the system hover performance (figure G3) as the 
download ejqperieneed by the fuselage was fotmd to be virtually 
unchanged by the clearance reduction. 

When operating at a. partial ground effect condition (2/R ® 1.2), a 
similar main rotor trend is ai^arent (figures G4 and G5) although 
here the main rotor thrust advantage of the standard head location 
is still evident even at the higher thrust levels (where it 
amounts to %%). Under these test conditions, the lowering of the 
main rotor head also increased the download eiqperienced by the 
fuselage by 2 to 1%% with the result that the system hover per- 
formance with the lowered main rotor head (figure 06) is between 
3-1/2 and 1-3/4% below that for the standard rotor head location. 

Moving fully into ground effect (Z/R « 0.78) reveals similar 
trends to those OGE (figures G7 and G8) plus a fuselage download 
trend similar to ttimi Z/R = 1.2 condition with the result that the 
system hover performance (figure G9) of the standard height rotor 
head is always better than with the low rotor head. 

The OGE interference effects due to lowering the rotor head 
change, however, when the tail rotor enters into the picture. 
Either due to the relative upward movement of the tail rotor or 
more complex interactions, the effects on the OGE BLACK HAWK main 
rotor performance due to lowering the main rotor head in the 
presence of the fuselage and a tractor tail rotor which are shown 
in figure GlO and Gil, indicate only minor differences and then 
only at the lower end (with the lower rotor head results being H% 
better on thrust). Xn addition, the lower rotor head results 
indicate fractionally less doimload on the fuselage (figure G12). 
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However, the tail rotor performance (Figure 013) does not show any 
significant difference-due to lowering the main rotor head. 

When operating in ground effect, the trends previously detton<- 
strated without tail rotor now return with the standard rotor head 
height main rotor results being 2 \ to 1% better than the equiv- 
alent low rotor head results (figures 014 and 015). An additional 
^ of fuselage download with the low rotor head adds up to even 
larger benefits to the system hover performance (Figure 016) 
possible from the use of the standard rotor head location, once 
again, no significant inqpact on the tail rotor performeuice (Figure 
017) was apparent from the main rotor location change. 

Due to an accident involving the tail rotor, only one test config- 
uration involving the low rotor head with a pusher tail rotor 
configuration was conq>leted. This configuration involved the 
BLACK HAWK main rotor lOB. The differences in main rotor thrust 
due to the pusher tail rotor compared to the tractor tail rotor 
under these conditions are shown in Figures G18 and G19. Approx- 
imately less main rotor interference is evident throughout the 
thrust range, with the pusher tail rotor. This coiiB>ined with 
fractionally less fuselage download with the pusher configuration 
(Figure G20) plus ioqproved pusher tail rotor performance (Figure 
G21) again confirms the pusher tail rotor configurations supe- 
riority over the tractor configuration. 

Unlike all of the other rotors, the S-76 rotor exhibited signif- 
icant thrust recovery when the fuselage was introduced below the 
0GB isolated rotor. With the rotor now located closer to the 
fuselage, the S-76 main rotor still showed (Figure 022 and 023) a 
thrust recovery of 1 to H^%. This was less than the 3«^ evident 
at low thrust levels at the standard rotor head height but greater 
than the h% existing at high thrust levels. The net result was to 
show a similar result to that seen with the BLACK HAWK rotor, 
namely the low rotor head exhibits inferior performance at low 
thrust levels but equal or better at high thrust level than that 
for the standard rotor head height (Figures 022 and G23). Unlike 
the GOB BLACK HAWK rotor, the s-76 rotor experienced a change of 
fuselage download as a result of the lowering of the rotor head. 
This increase in download increased the system hover perfor- 
mance advantage for the standard rotor head height at lower thrust 
levels and increased the thrust at which the advantage was lost 
(Figure G24). 

Moving partially into ground effect (2/K ® 1.2), the lowered rotor 
head results now demonstrate no thrust recovery at low thrust, 
down from the over 2% thrust recovering evident at the standard 
rotor head height. However, at higher thrust levels, a small 
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thrust recovery advantage from the lowered rotor head ie evident, 
resulting in the main rotor performance trends of Figures G25 and 
026. similar fuselage downloads for the two rotor height results 
give a similar- system hover trend (Figure 027). 

When fully in ground effect (2/R » 0.78), the still evident thrust 
recovery existing on the standard rotor height results again means 
the lower rotor head position does not pay off - even up to the 
highest thrust levels tested, (Figures 028 and 029). with the 
additional fuselage upload evident with the standard rotor height 
results, on a system hover performance, the disadvantage of the 
lower rotor head are even more significant (Figure 030). 

Unlike the trends noticed with.. the introduction of the tail rotor 
to the OGB BLACK HAWK rotor, the addition of the tractor taix 
rotor to the OOE S-76 rotor still resulted in the main rotor 
performance of the standard height rotor being better than for the 
lower height rotor (Figures 031 and 032). However, less fuselage 
download was experienced by the lowered rotor height configuration 
resulting in very similar system hover performance over the normal 
working thrust range (Figure 033), Again, the tail rotor per- 
formances were not sigi^ficantly changed by the main rotor height 
variation (Figure 034). 

Moving this configuration into ground effect again results in 1^4 
to improved main rotor thrust when using ^e standard rotor 
head height (Figures 035 and 036). Essentially, similar fuselage 
download values gives similar system hover performance results 
(Figure 037) with again minimal tail rotor performance changes 
(Figure 038). 

Changing the main rotor to the High Solidity rotor produced 
typical main rotor (without tail rotor) results, OOE (Figures 039 
and 040), with the low rotor head giving reduced performance at 
low thrust levels and up to 2% more thrust at the high thrust 
levels. In this case, the low rotor head condition produced H% 
more fuselage download, hence reducing the high thrust advantage 
for the low rotor height on a system hover basis (Figure 041). 

When operating partially lOE (Z/ft = 1.2), the High Solidity rctor 
again st.jws the traditional trend with the crossover occurring at 
quite high thrust levels (Figures 042 and 043). The increased 
fuselage download with the low rotor head (1 to 1»|% more) effec- 
tively eliminates the low rotor head advantage at all thrust 
levels (Figure 044). 
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At the full lOE condition (2/R » 0.78), the sane trends are 
apparent (Figures G45 and G48). At this condition, the fuselage 
in both cases recorded an upload of essentially identical magni- 
tude, hence giving a comparable system hover performance (Figure 
047) to that shown on the main rotors. 

Introducing the tail rotor OOE has more impact on the low rotor 
head results at high thrust such that the main rotor thrust 
results of Figures 048 and 049 never now cross, and, in fact, 
after initially getting close at the higher thrust levels, tiie 
standard rotor head results show an increasing advantage again. 
The advantage never exceeds 3/4% and when the various effects of 
the fuselage download are added in the system hover performance 
(Figure 050) shows virtually no difference between the standard 
and low rotor head performance levels. 

Minimal difference in tail rotor performance also occurs (Fig\ire 
051) with the low rotor head configuration showing a maximum tail 
rotor thrust advantage of 4%. 

lOE with this condition produces minimal main rotor differences 
(Figures 052 and 053), the advantage in thrust lying with the 
standard rotor head height. The additional effects of the fuse- 
lage upload on this situation increases the standard rotor head 
height configuration’s system hover performance advantage to 1»8% 
(Figure 054). With the main rotor in its standard location, the 
results for the tail rotor performance had been found to be 
guestionable. This is confirmed by comparing the standard rotor 
head height results with those obtained witA the lowered rotor 
head (Figure 055). All previous main rotor configura^ons had not 
shown any significant change due to lowering the main rotor. It 
is not logical to expect any differences in this configuration. 
In the summary section corrections to tail rotor performance for 
the standard main rotor h<^*id location were made using the results 
for the low main rotor head height configuration. 

The final rotor tested with the low rotor head height was the 
H-34. The main rotor OGE results for this configuration, without 
tail rotor, are shown in Figures 056 and 057. The traditional 
trend of results throughout the thrust range is again repeated. 
Again the added down load experienced by the low rotor head 
configuration results in the standard main rotor location always 
proving to be superior (Figure 058). 

When fully lOE (Z/R * 0.78), at no time did the low rotor head 
main rotor results (Figure 059 and 060) exceed the standard rotor 
head height results, being ^ > much as 3.5% low at mid thrust range 
and matching the results at high thrust. However, the higher 


402 


AgfENDIX Q 


extreme thjmst levels, vhsn inferior at the 

ba*i. (FiSut* 061 ). boivareo on a ayatem hover perfontance 

However, the adde<feffect of ^the^ne^a^«*F« location, 

with the low rotor h^Sd download experienced 

rotor head location results weS^'SS^ standard 

a system hover performance basis (Piwre 

«>« »Sn rotol-he5d"^M"eSSJ5J 

previoua configSrations irthla^nAmr^^ “® 

main rotor performanm was alwsM «i bead 

SI 

low t"or hoM ?o^Jti*,S’'™Slt^ *ln ?“ 

either rotor heaf locaUon "n^e CdsT 
SI i® °«1!letily®^chS|ld 


403 


ORIGINAL PAGE IS 
OF POOR QUAU1Y 


ThU Dat* R*cordtd,Proct»»«d,«nd Printed Utilislno 
HP984S^/8ERieS 4600 MftCNgTIC TAPE PBTfl PROCESSING SVSTgM 


PLOT SERIES : LOW ROTOR HEAD SLflCKHAWK ROTOR WITH FUSELflCB, OCE, Mt- O.S 

Flit# F1U-N*re» Plot# P1o»«TltU 
1 MFT33 1 STflNDfi(^B ROTOR HEIGHT 

2S MFT178 2 LOW ROTOR HEIGHT 


Ct/SIgnA Cq/'Stgra* 


6 .0 


Figure G1 


Cq/S j gma 







OUiOINAL FACE IS 

OF POOR QUALITY 


R*cordtd*Proc#*»#(d,*nd Printed Utnizlhg 
HP9945B SERIES 4600 HftCHETlC TRPE BRTP PRQfceSSlNG SVSTEM 


: LOW ROTOR HERO BLflCKWflWK ROTOR WITH FUSELRCB, OCE, Mt< 


F< 1 4# 

1 WFT33 

28 MFTI75 


Plot# PIot-Tit1» 

1 STANDARD ROTOR HEIGHT 

2 LOW ROTOR HEIGHT 


Figur# of MorU m» Ct/SIgm* 


I 


! 1 ! ! i 

*8 i I ! ♦ I 




t 


. 75 f- 


I j.. 


I 


I i 

! i 

• S?5 I 

I // 

i / /■" 

/. i 


k'’ I 


i 


.55 ■ 
.85 


Fiqurc G2 






ORIGINAL PAGE IS 
OF POOR QUALITY 

Th1» D«t.« R#cor<l*d,Pro«t»s#d,*nd Printed UtlHzing 
HP964SB/SeRIES 4600 WflgNE.t.U:-Jae^ DATA PROCESSING SYSTEW 


PLOT SERIES ; LOW ROTOR HERD BLflCKHflWK ROTOR WITH FUSELAGE, 0GB, Mt« 0.6 

FiU» Fn»-Naro» Plot# Plot-TUU 
I MFT33 1 STANDARD i^OTOR HEIGHT 

28 MFTirS 2 LOW ROTOR HEIGHT 


Cw^SIgm* Cq/’S1gM4 


Figure G3 


Lq/S i gma 








ORfOINAl mm B 
OF POOR QUAUTV 


ThU 0«tA R*eerdtd,Prect»§td»«nd Printtd UtiHzIng 
HP^e45B/SERIES 4600 HPCNBTIC TPPB DflTfl PPOCSSSJNC SYSTEM 


PLOT SERIES : LOU ROTOR HERD BLACK HflUIC. ROTOR UITH FUSBLfiCE, 2/R* 1.2, Mt«0.6 

Pn>» FlU»N»»t Plot# Plot-Titio 
3 MFT42 1 STANDARD ROTOR HEIGHT 

27 WFT174 2 LOU ROTOR HEIGHT 


Ct/SIgm* MS Cq/SigtAfi 


Figure G4 









Figure of Merit 


ORIGINAL PAGE IS 
OF POOR QUALITY 


ThU S«t« Recorded, PrJnitd Ut<U*1nd 
HP9948B/SERIES 4^fQ wpf^upTTC TRPB DflTft PROCBSSINC SVSTeM 


PLOT SEflES : LOU ROTOR HERD BLACK HAWK ROTuR WITH FUSELAGE, Z/R* 1.2, «t»0.6 

Pi U- N4Mi>t Plot* P1ot-TUI« 

3 MFT42 I ST^nIIaRO ROTOR HEIGHT 

27 MFTJ74 2 LOW ROTOR HEIGHT 


Figurt of MtrU vt Ct/SIgm* 









-J ijj\ 


ORIGINAL PAGE IS 
OF POOR QUALITY 


Thi* D«t » R«cord*d, Proc«#*»di *nd Prtnttd Uttlisuig 

iCffES 4ia00 MftCNETU TRPg DRTB PPOCEt^SING SYSTEM 


S LOW ROTOP HEftD BLflCI- HHWK ROTOR WITH FUSELHCE, Z P» l.i, M»»0.6. 

F H F 1 1 t-Nanit P < ot d PIot-Tt 1. 1» 

MPT42 I STANDARD ROTOR HEIGHT 

HFTI74 2 LOW ROTOR HEIGHT 


Cw/SigmA Cq S<gmji 



409 





ORIGINAL PAGE W 
OF POOR QUALITY 


ThU B«t4 Rtcord#d,Proct*»#d,«rtd Printtd Ut HI si no 
HP9e4SB/SERieS 4600 WPCNgTIC TAPE PflTfl PROCESSING SYSTEM 


PLOT SERIES : L014 ROTOR HERI) 8LRCK HRMK ROTOR UITH PUSELRCE, 2^R« 0.78 Mt«0.E 

P11 1» PI U-H4Wt P1o»» P1ot«Ti»1> 

2 MPT41 1 SfflNtl^Ri ROTOR HEIGHT 

26 MPT 173 2 LOW--AOTOR HEIGHT 

Pl0ur4 of norU vt Ct/’81gm« 


O .7 


. 85 ‘ 

.es 


Figure G8 


Ct /S i gma 
























oriqnval page ts 

OF POOR QUALITY 


Thu D*(* Rtcord#d,Proc#»»#cl,«ncl Printed U-ttlizmg 

^ ES 460S (1RCNETIC TAPE DflTfl PROCESSING SYSTEM 


L=x:M-g« a 


PLOT SERIES : LON ROTOR, HERO BLACK HAWK ROTOR WITH FUSELRCE AND TRACTOR TAIL 
ROTOR, STANDARD LOCATION AND SEPt RATION, 0*D#g CANT, OGE, Mt- 0.6. 

Pi 1t» PilfNeme Plot# P1ot"TitU 
16 MFT184 I STANDARD ROTOR HEIGHT 

30 HPT17? 2 LOW ROTOR HEIGHT 


Ct/Sigm* vt Cd-^'Sigw* 


Figure GIO 


Lq/5 i qma 


i 



Figure of Men 1 1 






ThU S«ta Rtcordtd,Proct«fttd»«nd Prinied Uvnizmg 
HP9e488/SERIES 4600 MflCNETIC TAPE Ofllft PROCESSING SVSTEW 


FUSELflCB AND TRACTOR TAIL 

ROTOR, STANDARD LOCATION AND SEPERATlON, 8-D#g CANT, OCE, Mf 0.6. 

Pn#» FJ l t-N<M»t Plot# P1ot»TUl* 

16 HFT154 I STANDARD ROTOR HEIGHT 

30 MPT177 2 LOW ROTOR HEIGHT 


Cw/S10M« v» Cq/S 1 dm 4 


.04 !" 




0 I L 

0 


006 .0 


Figure G12 


Cq/S j gma 






ORiQllMML HMGli Vi 

OF POOR QUALITY 


Thti Data Rtcordad, ProctaatOt and Printed UtiHa1n9 
HP9845B. SERIES 4600 MRGNSTIC TAPE DflTR PROCESSING SYSTEM 


PLOT SERIES ; LOU ROTOR, HERO BLRCk HRUK ROTOR UITH FUSELAGE RNO TRRCTOR TRIL 
ROTOR, STRNDRRD LOCATION AND SEPERRTION, O-Dtg CANT, OCE, Ht« O.6. 

F<U» FlU-Nawe Plot# Plot-Title 
IS MFT154 1 STANDARD ROTOR HEIGHT 

,510 MFT177 2 LOU ROTOR HEIGHT 


Ct /Sigma va Cq/S1gma 




ORIGINAL PAGE |S 
OF POOR QUALITY 


Th^t D«t« R«cordtdtProct»»»d,«nd Printed Utilizing 
HP9845B/8ER1ES 4600 MRGNETIC TAPE DflTft PROCESSING SYSTEM 


PLOT SERIES : LOW ROTOR HERO, BLRCKHRWK ROTOR WITH PUSELRGE AND TRACTOR TAIL 
ROTOR, STANBARD LOCATION ANB SEPERATION/ 0-8tg CANT, Z/R- 0.78, Mt« 0.6. 

PI U» Fl1jr-N*m# Plot# Plot-TItl# 


NFT78 I STANDARD ROTOR HEIGHT 

MPT 176 2 LOW ROTOR HEIGHT 


Ct^SIgma uz Cq/S1gMA 


.ae j" 


ID 

\ 

(J .04 


Figure 014 












ORIGINAL PAGE 18 
OF POOR QUALITY 


Th<» R«cord#d,ProctSfttdt«nd PMnttd UtlHxina 
HP9845B>^SERIES 4600 HPGNETIC TAPE DRTP PROCESSING SYSTEM 


rotor herd, BLRCKHRHK rotor with FU8ELRCE AND TRACTOR TAIL 
ROTOR, STANDARD LOCATiON AND SEPERATION/’ 0-D#g CANT, Z/R« 0.78, Nt« 0.8. 


Pn»t Pi T♦■N*ro^ Plot# 

S NFT78 “i 

29 MFT176 2 


P1ot~TitU 

STANDARD ROTOR HEIGHT 
LOW ROTOR HEIGHT 


Plgwro of Morlt m» Ct/'Slgm* 


Figure G15 







ORIGINAL PAGE IS 
OF POOR QUALITY 


£ill£ F 1 1 Plot* Plot-Titi* 

29 MPT 176 i St^RNDHRD ROTOR HEIGHT 

*9 MFT176 2 LOW ROTOR HEIGHT 

Cw/'SIgma v» Cq/’Sigm* 






1 

i 

i 


Figure G16 


Cq/S i gma 



ORIGINAL PAGE IS 
OF POOR QUALITY 

Thi* R#cordtd,Proc#»»*d,«nd Printtd UtlHz^no 
HP994g0. SERIES 46Z0 PlflCN&tlC TAPE DBTft PftQCESSIiiC SVSTew 


PLOT SERIES : LOU ROTOR HEROi BLRCKHRI4K ROTOR tilTH PU8ELRCE AND TdACToe tati 
ROTOR. STRNORRt LOCRTION RN» ' SERERflTION/ ilil, MSirl/RS I. m2 

PjJLll F i \ t~N4ttt Plot* P1ot~TUl* 

J SnrL ^ STRNBRRD ROTOR HEIGHT 

29 HFT17E 2 LOW ROTOR HEIGHT 


Ct^Slgm* us Cq/'Slgw* 


■y:f 


2 .0 


Figure G17 


Cq/S i gma 








ORIGINAL PAGE IS 
OF POOR QUALITY 


Thit Dai* RftcordtdiFrocttfttdi «nd Printtd Utilizing 
HP9845B/8ER1ES 4660 I1RGN6T1C TAPE DflTfl PROCESSING SYSTEM 


PLOT SERIES : LOW ROTOR HERB, BLfiCKHRWK ROTOR WITH FUSELftCE AND PUSHER TAIL 
ROTOR, STANDARD LOCATION AND SEPERATION/ d-D»g CANT, 2/R« 0.7®, Mt» 0.6. 


Fiitt 


PiU-N4B>t 

riFTi?6 


HFT178 


Plot# Plot-Titit 
”i TRACTOR TAIL ROTOR 

2 PUSHER TAIL ROTOR 


Ct/'Sigm« Cq'^Sigm* 






ORIGINAL PAGE IS 
OF POOR QUALITY 


Th<» Rtcordtdi Procf»»#d, *nd PHnttd UtlHiIng 

HP9845B^SERI68 4686 MAGNETIC TAPS DATA PR0CE8SIKG SYSTew 


PLOT SERIES : LOM ROTOR HEAD, BLflCKHRWK ROTOR WITH FU8ELRGB RNB PUSHER TAIL 
ROTOR, 8TANBARB LOCATION AND SEPBRATION/ 0-Btfl CANT, Z/R« 8,78, Mt« 8.8. 


PH ♦» FI 1t»N4i)>» 


HFT176 

HPT178 


LoV-TUU 


TRACTOR TAIL ROTOR 
PUSHER TAIL ROTOR 


Fiflur# of MtrU wt Ct/Sigm« 


.ds .8 

6 

.87 .88 

Figure G19 


Ct /S i gma 









PrinttiS UtnUiftQ 

!iP9848B<>^8ERlES 4600 WRCJ4CT1C TAPE DflTft PROCESSING SYSTEM 


r o T? fe!^STri^ flPRfl°LQCfl^ PU8BLPCE AND PUSHER TWL 

KQigR, STiiNSRRo LOCATION AND SEPERATION<^ 6-Dtg CAHT^ 2^R» 0.7.8, Mt* 0.6. 

tilll -P-t 1 •■Hawt Plot# P1ot-TU1» 

?? 5Sl!ll i Tractor TAIL rotor 

HPT178 2 PUSHER TRIL ROTOR 


Cw/Sigmm Cq/Sigm* 


















ORIGINAL. PAGE 18 
OF POOR QUALITY 


This Oftt A I Proc Ass#d. And Printed U(M4*4n.r« 

H P9945B SgR^S 460e WRGNeT IC _TfiPT DPTfl PROCBSStMC SvfTj 




iil£ Pi 1 t-NAM* 
9 mftT7§ 

1 MFT178 


P< 04 i P1ot-Tlt1» 

1 Trhc TOR TAIL ROTOR 

2 PUSHER TRIL ROTOR 


Ct/'SIgaiA vs Cq/'SIgmA 







ORIGINAL PAQE IS 
OF POOR QUALITY 


Thift Rtcordtdi Proet»*tdi and Printtd Utilizing 

HP9e4afi/SERies 46aa WflQNETIC tape dpta ppocessing systiw 


PLOT SERIES : LOW ROTOR HERB, 8-76 ROTOR WITH FUSELAGE, OCE, Mt- 
FI Ui FI U-Npmp Plot# Plot-TUU 

nFTies 1 STD rotor height 

nPTI7e 2 LOW ROTOR HEIGHT 


Ct/S1gm« Cq/81gA« 























w *-|'n 


ORIGINAL PAGE tB 
OF POOR^^UAUTV 


PHnttd Utilising 

HP9849B/SgRIE8 4€99 (IftGHgTIC TAPE PflTfl PROCESSING ^VSTgM 


mOJ.. SgPieS i LOW ROTOR HERO S-76 WITH FUSCLflCB , Z/R-1.2 , Pit* O.S 

< F i 1 »-N4rot Plot# P1ot~Titl» 

1 MFT106 i SfRNDRRII ROTOR HEIGHT 

4 MFT16S 2 LOW ROTOR HEIGHT 


Ct/Sigm* v» Cq/^Sigms 


U7 




H 





\ 

(J .04 




f 







1 






• 02 


J 

f 








/ 









L 







0 

.002 

.004 

.00S 

Figure G25 


Cq/S i gma 






ORIGINAL PAGE IS 
OE POOR QUALITY 


Th<» D«t* fttcordtd,P»‘oc«»»#dj«nd Prlrtttd ^ ^ ^ 
HP9a4SB/8gglgS 4600 MR6NET!C TAPE PflTfl PROCESSING SYSTEM 


PLOT SERIES : LOW ROTOP HERO S-76 WITH FUSELAGE , 2/R-1.2 , Mt- 0.6 

Fi1*tt Fn*-N««* PloAi Piftirliiil 

4 1 tlFTiOS 1 STANBARB jliOTOR MEICHt 

24 AFT169 2 LOW ROTOR HEIGHT 

Figurt of HorU vp Ct/S1gm» 


Figure 626 


Ct /S 1 gma 









ORIGINAL PAOE JJ 
OF POOR QUALffY 


Th<t Data RtcordtdiProctaatd.and Printed UtiHzina 
HP984gB/8ERies 4688 WftGNETIC TAPE DflTfi-^JiflCESSINravSTeM 


P L OT SERIES : LOW ROTOR HERD S-76 WITH FUSELRGE , Z/R-1.2 , (it. o.g 

Ell ♦-Name Plot# PVot-TI tie 

il UnTf! ^ STHNDHRD ROTOR HEIGHT 

Z4 MFn«9 2 LOW ROTOR HEIGHT 


Cw/'Sigma v>a Cq/Slgma 




OmGjwc PAGE V9 

OP POOR OUALIT? 


PMnttd Utm*<na 

HP9949B/bERIES 4608 Hf^GNETIC TflPt PflTft PROCESSING SV 


PLOT, SERIES : LOM ROTOR HERO 8-76 WITH FU186LRCE , 2/R- 0.70, m 


PHti FtU-Namt P^oti 

12 H?T107 “I 

23 MFT160 2 


Plot-TU!» 

STflNDHRO ROTOR HEIGHT 
LOW ROTOR HEIGHT 


Ct/Slt;o« M» Cq/SIgm* 


Fiqure G2B 







original page 13 

op POOR QUALITY 


H£L849-9??eg I Er SeerAflcSe???* ' s;.rc. 


'^OTOR HEfla S-76 WITH FU8ELMB , 2/R. 0.78, Mt- 0.6 


gJU» F1U-N*m> 
12 MFT107 

23 HFT168 


P-)oti PUt-TUl» 

1 STflNDflRB ROTOR HEIGHT 

2 LOM AOTOR HEIGHT 


Figure of Merit ve Ct/Slgw* 


Figure G29 





ORIGINAL PAGE IS 
OF POOR QUALITY 


Printed UtMi* 

HP9e4SB/8ERIE8 4688 HWCNEtlC Tflpg nflTfl PRQCesSl><C 


U( M 1 z1 ng 

8YSTEM 


PLOT SERIES 


LOW ROTOR HERD 


f* 

8-76 WITH FUSELflCB 


Z/R* 0.78, 


23 MPT I 68 


Plot# 

2 


P1ot-TUl» 

STANDARD ROTOR HEIGHT 
LOM ROTOR HEIGHT 


Mt« 8.6. 


Cw/SIgm* MS Cq/8<gm* 







.. : f 




op*d! 5!?** w 

OF POOR QUALITY- 


Thi» S«t« R*cordtd,Proc*tfttd,«nd Prlnttd Utnizlng 
HP984SB/SERIES 4 600 WPGNeTIC TflP£ DPTP PBQCEtSSINC SVSTetl 


PLOT SERIES { LOM ROTOR HERO 8-76 WITH FU8BLRGE «. TRACTOR TAIL ROTOR, STANDARD 
LOCATION AND SBPERATION, 0-Otg CANT, 0GB, Mtp 0.6. ^thndhro 



P < 1 •» Fi1t-Nm>> P1ot» Plot-Tit !• 

14 MFT109 1 STANDARD ROTOR HEIGHT 

22 MFT167 2 LOW ROTOR HEIGHT 


Ct/Sigma ms Cq/Sigtn« 









OWQ»NAL PAGEJ8 
OF POOR QUALITY 


Th<» 0«t« R#cordtd|Proctfti«dt*nd Pr<nt«d UtiHzfng 
HP9e45B/SER!eS 4600 HPCNSTIC TftPE DftTft PPOCESSINC SVSTEtl. 


PLOT SERIES : LOU ROTOR MERC 8-76 WITH FU8ELRCB 8 TRRCTOR TAIL ROTOR, STRNOflRD 
LOCATION ANO SEPERATtON, 0-B«g CANT, OCB, N4- 0.6. 

F< 1 tt FI 1»-N*rot PI of Plot-TU It 
14 HptldO I STANDARD ROTOR HEIGHT 

22 HFT167 2 LOU ROTOR HEIGHT 


Figurt of Ntrlt vt Ct/8igm* 


Figure G32 


Ct /b i gma 


16 






, ^1 



, I 




W'OINJl. PAM M 
» POOR 0UAU1Y 


ThU D«t* R#eord#d,Proct»*fd,«nd Printtd U»n<*1na 
HP994gB/SERI6S 4608 W RCMCnc TfiPB PflTR PR0CE8SINC ^VSTgrt 


PLOT SERIES i LOU ROTOR HERO S-7S UITH PU8ELRGE «. TRRCTOR 
LOCRTION RNO SEPBRRTION, e>D«g CRNT, OCE, Mt- 0.6. 


TRIL ROTOR, 


S*RNORRO 


F* U» Fl U’N^ittt Plot# Plot-Titi* 

14 MFT10S I STHNDRRO ROTOR HEIGHT 

22 MFT167 2 LOU ROTOR HEIGHT 
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Th<» Sfti* Rtcord#d( Proctft»tdi «nd Printed UtIHzina 
HPg.g4ag/8eRlE8 460fl W RCWETIC TftPS pftTfl PROCESS !NC SVSTgM 




Pn t# P 1 1 e-Naflie 
14 R?m9 

22 HF-T187 


Plot# Plot-TitU 

1 STfiNDlRTIFoTOR NBICMT 

2 LOU ROTOR HEIGHT 


8TRHDRR0 


Ct/81gm« v» Cq/Sl9in« 
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ThU Rtcorijtd|Pro«t«»td,4nd Pr<nt#d UtlHiIng 
HPde48B/8ERIgS 4600 Wfl CNETIC TftPfi-JflTfl PROCesSING SVatgM 


PLOT 86RI6S : 
LOCATION AND 


LOW ROTOR HEAD 8-76 WITH FU8BLAGE 8 TRACTOR 
SEPBRATrOfL, 0-D«g CANT, Z/R-0.78 , n%m 0 , 6 . 


TAIL ROTOR, 


STAN9AR0 


Pn#» Pll»-N4m> 
18 NPTiei 

21 NFT166 


Plot# 

1 

2 


8fAMDAl?i ROTOR HEIGHT 
LOU ROTOR HEIGHT 


Ct/Slgm* Cd/Sl0m« 
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PLOT SERIES : L0I4 ftOTOP HERD 8-?6 MtTH PUSSLRGE «< TRRCTOR TRIL ROTOR, STRNORRO 
LOCRTION RNS 8EPERRTI0N, O-Stg CRNT, 2/R>e.78 , lit- 8.6. 

PH t» P1ot» P1ot"TU1a 

13 MFT100 I STRNSRRO ROTOR HEIGHT 

21 NPT168 2 LOU ROTOR HEIGHT 


Cw/8<gm« vt Cq/81gm« 
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ThU Dm* R*cord«d,Proe«»»*d,*nd PHfittd Utnizing 
HP^848S/SERIES 4600 HRCHmC TRPE D8tfl PROCESSING SYStEH 


PLOT- series i LOW rotor hero 8-7« WITH 
LOCRTION RND 8SPERRTI0H, 0-Dtg CRNT, 


FU8ELRGB «, TRfiCTOR TRIL ROTOR, 
/R-0.78 , Ht« 0.8. 


Pj V*R F< If Nmnt Plot# Plot~TU !• 

13 MFT108 1 STRNoA^O ROTOR HEIGHT 

21 HFT186 2 LOW ROTOR HEIGHT 


STANDARD 


Ct/Sfgm* Oq/S^gtn* 
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ThU S«t« Recorded, ProctftfttdfAnd Prirvttd Utilizing 
HP994gB/8ERIES 4690 WflGNeTIC TAPE DPTfl PROCSSSINC SYSteM 


PLOT SERIES i LOW ROTOR HERD, HIGH SOLIDITY ROTOR WITH FUSELAGE, OGE, Mt-0. E 


Fi 1 ♦♦ Fi 1 ♦-N4m» 


AFT64 

MFT163 


Plot# Plot-Titif 


STD ROTOR HEIGHT 
2 LOU ROTOR HEIGHT 


Ct/^SigfDA v/z Cq/’Sigm* 


Figure G39 
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Th1» D«t« RtcordtdiProettfttdfAnd Printed Utilizing 
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PLOT SERIES : LOU ROTOR HERB, HIGH SOLIDITY ROTOR WITH FUSELAGE, OGE, Mt*0. 6 

FI Ut F1U~Nzm» Ptoti P1o»-TU1t 
42 MFT64 1 STB ROTOR HEIGHT 

149 RFTISS 2 LOW ROTOR HEIGHT 


Figun* of Merit vt Ct^'SIgm* 
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nt •o.G. 

FiU» FlU-Nawt Ploti Plot-TItlt 
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Ct/Si994 vt Cq/S<giA« 
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HP994SB/SER1ES 460d WftCKETIC TAPE PRTfl PROCESSING SYSTEM 


PLOT SERIES ; LOW ROTOR HERD, HIGH SOLIDITY ROTOR WITH FUSBLflCB, 2/R« AND 
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Th1» D«t« Rtcord*dtPrect»»«d,«nd Printtd Utilizing 
HP9845B/SeftIES 4600 HflCNETIC- TAPE DflTft PROCESSING SYSTEM 


PLOT SERIES : LOW ROTOR HERB, HIGH SOLIDITY ROTOR WITH FU8ELRCB, 2/R- f.X AND 

pnt» FjU-Nfctne Plot# P1ot»TUU 
0 MFTSS I STD ROTOR HEIGHT 

18 MFT162 2 LOW ROTOR HEIGHT 


Cw/SlgmA Kft Cq<^S1gi»A 
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This Recorded, Proc#»**d, and Printed Utlllzlna 
HP9848B/SERI68 460< WPCNETIC TAPE Ofttfl PROCESSING SYSTew 


PLOT SERIES : LOW ROTOR HERD, HIGH SOLIDITY ROTOR WITH FUSELfiCE, 2/R*0. 78, 6 

FI let FI 1e~Neme Plot# Plot-Title 
44 MFT66 1 STD ROTOR HEIGHT 

147 MFTiee 2 LOW ROTOR HEIGHT 


Ct/SIgmA Cq/SIgm* 
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PLOT SERIES : LOH- ROTOR HERB, HIGH SOLIDITY ROTOR WITH FUSELAGE, 2/R»0, 78, Mt -O. 6 

Fnt» P<U»H4(i>t Plot# P1ot-Tm> 
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Figur# of MtrH v>» Ct/Sigm* 
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Figure 846 
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Th»» 0 «t« Rtcordtd|Proc#»*#d,«nd Printtd Utmxina 
HP9e45B/SEAl€8 4600 MflCNETIC TAPE DftTft PftOCESSIMC SVST^M 


: LOW ROTOR HgRD.HIGH SOLIDITY ROTOR WITH FUSELflCE.Z/R-0. 70,Mt.0 


Pi 1»» F< It-N*n)> 
44 MFT66 

147 MPTI60 


Pl04» P10t-TU1« 

1 STD ROTOR HEIGHT 

2 LOW ROTOR HEIGHT 


Cw/SigmA M» Cq^SigmA 
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HP9e4gB/SERIE8 4600 WPGNeTIC TftPg PRTR PROCgSglHQ 8Y9TEH 


PLOT SERIES : LOW ROTOR HERB, HIGH SOLIDITY ROTOR WITH PUSELflGS 8. TRACTOR TAIL 
ROTOR, S'tShDARD LOCATION AND SEAERAIXON, 0-d*g CANT, OGS, 0.6. 


PHtt Fn#-N«M 


MFT165 


PUt"T<t1 1 


STD ROTOR HEIGHT 
LOW ROTOR HEIGHT 


Figurt of MtrU ms Ct/'SigmA 
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Figure G49 











ORIQINAI, PAQE 
OF POOR QUALITY 


Th<* Rteerdtdf Pree««fttd|*nd Printtd Ut in zing 
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PLOT SEP 1 68 t LOM ROTOR HERO, HIGH SOLIDITY ROTOR HITH PU8ELRGE ^ TRRCTOR TRIL 
ROTOR, STRNORRD LOCRTIOH RND SEPGRRTION, S-d*g CRNT, OCE, Mt> O.S. 


FiUt 




HFT168 


Plot# Plot -THU 

1 STiJ ROTOR HEIGHT 

2 LOM ROTOR HEIGHT 


Cw/91gm« v» Cq/81gm* 
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Th<» Rroctsstdt And Pn1nt*d UtHiz^nta 

HP^94?g/SERIB!3 4606 HfiqNeTIC T R RS DOTfl PROCESSING SVSTep 


PLOT SERIES I LOU ROTOR HERD, 
ROTOR, STANDARD LOCATION AND 


PU8ELAGE li 

SEPSRATION, O-dtg CANT, OCE, Mi« O.S 


TRACTOR TAIL 


PHt# F< If Naw 
7 nTO3 

20 HPT165 


Plot# P1ot-T<U* 

1 STD ROTOR HEIGHT 

2 LOU ROTOR HEIGHT 


Ct/SIgffiA Vi Cq^SIgmA 
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ThUJP*t« Rtcor*dtd,Proc*»»td,4nd Pr<nttd Ut in sing 






PLOT SERieS I LOW ROTOR HEflC, HIGH 80LICITV ROTOR WITH FUSELflCE ^ TRACTOR TAIL 
ROTOR, STANDARB LOCATION AND SSPBRATION, 0-dtg CANT, Z.R» 0.78, Mf 0.8 


PH t» F< U«H*at 
^ MFT49 
MFT62 
MFT164 


Plot# P1ot-Ti»t* 

1 TAiL ROTOR I. FUSELAGE 4Wt-'i! 

2 STD ROTOR HEIGHT 

3 LOW ROTOR HEIGHT 


Ct/SIgm* MS Cq/Sign* 


Figure G52 
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PLOT SERIES : LOU ROTOR HERD, HIGH SOLIDITV ROTOR MITH FUSELAGE i, TRACTOR TAIL 
ROTOR, STANDARD LOCATION AND SEPERATION, S-deg CANT, Z/R- 0.78, Mt». 0.8 


F1 1 t-N«me 


Plot-Title 


I 

TAIL ROTOR 8. FUSELAGE ONLY 

NFT68 

2 

STD ROTOR HEIGHT 

MFT164 

3 

LOU ROTOR HEiGHT 


Figure ©f Merit u» Ct/SIgmA 
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HP98458/SERIES 4€00 MPCHETIC TAPE PflTfl PROCESSIMG SYSTEM 


PLOT SERIES { LOW ROTOR HERD, MICH SOLIDITY ROTOR WITH FUSELAGE 8< TRACTOR TAIL 
ROTOR, STANDARD LOCATION AND 8EPERATI0N, S-dtg CANT, 2^R- S.78, Mt» 8.6 


File# File-Neifte 


Plot-Title 


MFT49 

NFT62 

MFT164 

1 TAIL ROTOR & FUSELAGE ONLY 

2 STD ROTOR HEIGHT 

3 LOW ROTOR HEIGHT 


Cw/Sigm* v» Cq/8igm* 
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ROTOR, STRNtRRD LOCRTtON RND 8EPERRTI0N, 0-d.g CRNT; E/rI 


PHe# Fi 1 e-Neme Plot# 
4 MFT49 ”i 

6 MFT62 2 

19 MFT164 3 


Plot-Title 

TAIL ROTOR 8. FUSELAGE ONLY 
STD ROTOR HE-IGHT 
LOU ROTOR HEIGHT 


Ct/Sigwe v* Cq/'Sigm* 
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HP9845B/$ERIES 4600 HflCNgTIC TAPE DftTfl PROCESSIHC SYSTEM 


PLOT SERIES : LOU ROTOR HERD, H-34 ROTOR U/ PUSELRGE, OCE, Mt- 0.6 

P< Pn#-N>w Plot# P1et-Ti»U 
3 MPT50 I STRkORRO ROTOR HEIGHT 

9 MPT 188 2 LOU ROtOR HEIGHT 
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Figure G56 
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PLOT 8ERIE8 t LOM ROTOR HERO, H-34 ROTOR-M/ PU8ELRGS, OGE, Ht- 8.8 

PI It# F1 1 t-Naiwt PlQ»« Ptot-TUU 
3 MFT58 1 STRNORRO ROTOR HEIGHT 

9 MFT158 2 LOM ROTOR HBIGHt- 


Flgur* of MtrU Ct^8lgm« 
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PLOT SERIES t LOU ROTOR HERB, H-34 ROTOR U/ FUSELAGE, OGE, Mt« 0.6 


MFT58 

WFT153 

1 STANDARD ROTOR HEIGH-T 

2 LOU ROTOR HEIGHT 


Cw/S1gm« Cq/SIgma 
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Figure G58 
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Thii Diit* Rtcord*d» Proct*»td> *nd Printed UtllizInQ 


This 0«t« Rscordtd,Proe«ss«d,«ncl Printtd Utilizing 
HP9a45B/8gRlg8 4^06 MftCNeTIC TAPE CRTR PR0CE9SINC SYSTEM 


PLOT SERIES : LOW ROTOR HBflD,H-34 ROTOR WITH FUSELAGE, 2/R«S. 78, Mt«0. 6 

F1U# F1U-N*»t Plot# Plot-TItlt 

182 HFT128 1 . STD ROTOR HEIGHT 

146 MPT136 2 LOW ROtOR HEIGHT 


Ct/S1gM« ^s Cq<^S1gma 
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Figure G59 
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PLOT SERIES : LOW ROTOR HEA9,H-34 ROTOR WITH PUSELRGE, E/RaO. 78, Mt«0. S 


F< 1 1» PI 1 


HPT 128 
HPT186 


Plot-Tit It 


STO ROTOR HEIGHT 
LOW ROTOR HEIGHT 


O .? 


. 58 ^ 
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Flgurt of Mtrit mo Ct/Slgm* 


Figure G60 
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This Data R«cordtd| Proct»ttdi and Printed Utilizing 
HP984 SB/SERIE8 4683 WflCNETIC TAPE DftTfl PROCESSING SYSTEM 


PLOT SERIES : LOW ROTOR HEflO,H-34 ROTOR WITH FUSELAGE, 2/R«0. 78, Mt-0. 6 


WFT128 
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ROTOR HEIGHT 

MFT156 
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ROTOR HEIGHT 


Ciii>/Sl gma 
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Figure G61 
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Figure G63 
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Thi» S«t« RtcoFMjtdf Proctaiit^tiknd Printed Utilizing 
HP9e4SB/SER!ES 4688 WPGNETIC TRPE DPTP PROCESSING SV 


PLOT SERIES : LOW ROTOR HEflII,H-34 ROTOR WITH FUSELAGE AND TRACTOR TAIL ROTOR 
STD LOC AND SEP,Odtg CANT, OGE, Mt»S. C 

Filed FlU-Nzfit® Plot# Plot-Title 


1 STD ROTOR HEIGHT 
MFT172 2 LOW ROTOR HEIGHT 


Cy/SIgme ms Cq^Sigtne 
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. G£ ; ■ 


Figure G64 
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HP 9 a 4 SB/’SeRIES A66e WflGNETIC TftPS PPTfl PROCESSING SYSTEM 


PLOT SERIES i L6W ROTOR HERD,H-34 ROTOR WITH FUSELAGE RNB TRACTOR TAIL ROTOR 
STB LOC AN® SBP,0d*9 CANT, Z/R-0. 7e»Mt*0, 6 

Pn*t Pn*-N*m# P1oA« Piot^liiil 
38 ' n?r55 i stb ROTort height 

157 MFT171 2 LOW ROTOR HEIGHT 


Cw/SlOA* v** Cq/'SlQMA 


Figure G68 
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Flit# FIU-Nmi# Plot# P1ot-T1t1o 

. I STD ROTOR HEIGHT 

MFT171 2 LOW ROTOR HEIGHT 


Ct/SIgm* MS Cq/SIgniA 
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Figure G69 
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APPBWDIX It 
FLOW VISUALIZATION 

the flow field interference effects that 
raf eimult^eouB operation of a main rotor and a tail 
5?^ ® fuselage, with or without the influence 

smoke studies were conducted 
towards^ of the test. The smoke rig used consisted 

of a frame with a horizontal bar and vertical bars at each end. 
pranged at intervals along both the horizontal and vertical bar 
generators. Ammonia and Sulphur Dioxide gases were 

lorm^ a^®dSJ2!® ''*'®«® ^® ^®®®® '^®^® ®^*®^ externally to 

®» dense white smoke.. Because of the corrosive nature of 

teese gases an inert gas purging system was also used after each 
2!I2 k2i uPP^fff The vertical height of the rig and the azi- 
k2Sk®k ®f the horizontal bar relative to the model could 

optimize the rig's position to give the best 
results. Both still and movie pictures of the 

liShte ^® ®®®®u ^® ®®^®' strobe 

'*®®? illumination were synchronized with the camera 

® phasing unit which allowed the 
either appear frozen at any required azimuth 
JS?i? stewly pwcess forward. When operating with the tail 

rotor alone the s^chronization had to be set manually. Siml* 

iff 1 ^®i rotors simultaneously the 

of^ ^® ® n®»“typical value (a multiple 

?2222fS^^® and strobe lights were synchronized, no further 

connections were required for the still camera. The flow visua- 

movie^*^*' P^®®®*»^®<^ this appendix are taken from the 

Piyire HI shows the flow conditions, out of ground effect, over 
tee fo:ward segment of the main rotor disc. The tip vortices and 
teajectory are apparent in this view. Little or no con- 
1; i® fuselage is apparent in this tip region. 
I®^Bi®®® apparent and tee wake contraction 
W ®^tteer inboard toward tee rotor center of 
rotation tee blockage effect of tee fuselage is also evident. 

®£®''® equivalent flow field over tee aft segment of 

v®^^^<^istinct (more so than on tee 
®/ ^® <^isc because of the denser smoke present in 
more than 3 because the fuselage/wake impinge- 
?22J vortices. We have seen from Figure HI 

teat after tee third vortex tee vortex definition becomes weak and 
hence more susceptible to outside interferences. 
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AEPENDIX..H 

Figures HI and H2 are both photographs taken with the main rotor 
blades positioned exactly fore and aft. The first vortex core 
seen in the pictures corresponds to the shed vortex from the 
preceding blade located 90** away at the instant the photograph was 
taken. As mentioned previously, the rotor blade can actually be 
positioned at any desired location. Figure H3 shows the flow 
field with the blade positioned approximately 30” past the aft 
location. In this case the first, very small vortex has been shed 
by the pictured blade. In this case 4 vortices are seen although 
the lowest vortex appears to be in the process of dissipating in 
the close proximity of the fuselage. 

In Figure H4 the blade phasing is back to the aft location with 
the tail rotor now also operating. The inflow generated by the 
tail rotor unfortunately reduces the amo\int of smoke available to 
highlight the main rotor flow field. However, sufficient smoke is 
still available to show the significant reduction in tihe vortex 
definition such that only the first and second vortices are 
clearly defined. This vortex dissipation is a measure of the 
local flow field distortion which impacts adversely on the main 
rotor hover performance. 

Figure H5 presents the flow field for an out of ground effect main 
rotor only configuration when viewed from the rear with the smoke 
rake setup from side to side. The increased distance to the smoke 
reduces the contrast in this figure, but the multiple vortices on 
the right of the rotor disc can still be seen together with the 
smoke curvatures on the left. Also of interest are the central 
smoke filaments which appear ’'chopped" after passing through the 
rotor disc. 

Figure H6 presents the comparable flow field to that in Figure H5 
only this time with the tail rotor operating (with the tractor 
tail rotor driving the downwash from right to left. Upstream of 
the tail rotor (on the right side of the main rotor) the flow 
field appears unaffected by the tail rotor. However, on the left 
side of the main rotor (downwash side of the tail rotor) the flow 
field does appear to be influenced adversely by the tail rotor. 

Figure H7 presents the in ground effect main rotor flow field over 
the aft segment of the disc (tail rotor not operating). Signifi- 
cantly less wake contraction is apparent in this figure cosg^ared 
to the OGE equivalent situation in Figure H2. The Same number of 
tip vortices are apparent before striking the fuselage. In this 
case one of the upper smoke generators happens to be ideally 
located such that the smoke outlines the vortices, but is not 
actually entrained by them, thus identifying the boundary between 
the tip vortex street and the trailing filament sheet. 
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Figure H8, which has the tail rotor operating, shows a similar 
reduction in wake contraction compared to the OGE equivalent 
Figure R4. Similar smoke dissipation and minimum vortex visi* 
bility, as in Figure B4, is apparent. 

Figure H9 presents the flow field associated with the tail rotor 
only operating. Four or more tip vortices are apparent in this 
condition. Figure Hlo presents the equivalent flow field with the 
tail rotor and main rotor both operating. No discernible vortices 
can be seen in this case. In addition/ the tail rotor wake now 
exhibits a significant downward trajectory induced by the main 
rotor downwash. 
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Figure; H-J. 


Oul ..f urwumJ Lft.'ct, 'lain Rotor Unly, Aft Segment of Disc 
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Figure. H 


Figure H 



3. Out of Ground Effect, Main Rutor Only, Aft Segment of Disc, 
Blade Advanced 30*^ Around Azimuth 



4, Out of Ground Effect, Moin anJ Tail Rotoi', ntt '.>egnient of ! 


^V. O-,.- 




Rotoi 


I i M 
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rigure H-5. ijut .jf uC'jjiiu i.ff«ct, Main ?<otor Only, View trom Rear 



Figure H-6. Out of OruumJ effect, Main and Tail Rotor Only, View from Rear 
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Figure H-/. In Ground effect, Main Rutor Only, /aTI jegiiient of Disc 



In Ground Cffe<"t, Wriin ufr.l Toil f^itiir. At t S(Miment of Disc 


Figure H-R. 
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LOW REYWOLDS NUM BER AlHFQTr. 

m^n'^bodi°«^ analyeis results presented and discussed in the 

^IbSlStilnrSf Reynold nlbo? 

this Append!,’ for c^u“ne«. presented in 

in^Tablls airfoil ere presented 
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